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.--No Second, Third, or Fourth Installment 


Have you counted the cost of 
attaching power supply cords to 
your products? Belden Engineered 
Cords, complete with molded plugs 
or connectors, ready to attach, mean 
no cord grief—no extra costs. 


NO SECOND INSTALL- 
MENT for Higher Installation 
Costs. Engineered to your product, 
Belden Cords make for easy instal- 


lation—eliminate costly extra assem- 
bly operations. 

NO THIRD INSTALL- 
MENT for Rejections. Belden 
Electrical Cords are engineered to 
work —and factory tested. They 
give the plus values that eliminate 
rejections due to cord failure. 


NO FOURTH INSTALL- 
MENT for Returned Goods. 


Belden Cords are engineered for the 
service they encounter. Built far 
above minimum standards, they give 
your product the chance to operate 
without cord failure and to main- 


tain your customer’s good will. 


Investigate Belden Cords . . . you 
will find that besides all these sav- 


ings, the initial price is low, too. 
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Mobilization tempo increas- 
ing; new NPA regulations cover 
wider range of materials and 
end products. 


: TIMES of emergency, defini- 
tions are essential. For without 
definitions we can neither think 
clearly, nor appraise wisely. Right 
now, the meaning of “industrial 
mobilization” needs amplification; it 
would be unrealistic to misunderstand 
it, to confuse it with actual conver- 
sion to military production. 


Mobilization means the planning, 
the setting up of the machinery. Con- 
version comes next; and all-out mili- 
tary production follows as the end 
objective. Between each phase of the 
defense program some gaps are un- 
avoidable. We can be engaged in a 
100-per cent industrial mobilization 
and still be far from a 100-per cent 
defense production. 


In blunt terms, mobilization 
(to quote the Monthly Letter of the 
National City Bank of New York) 
means that the country “is moving 
more rapidly each month to make 
armament its principal business and 
to subordinate civilian activity and 
the peacetime way of life as far as 
may be necessary.” 


And in a larger sense, (to quote 
this time Commerce Secretary Charles 
Sawyer) mobilization means “the 
bringing together of our energies and 
assets to fashion and implement a 
program for the defense of our free- 
dom.” 


One thing is certain: We are 
rapidly approaching a state of 100- 
per cent industrial mobilization, any 
doubts to the contrary. One look 
at the $71-billion Federal budget for 
the next fiscal year should be econ- 
vincing. And so should be the mount- 
ing list of NPA production orders 
(see next page) already permeating 
most of our economy. 

Headpiece: Electric motor assembly line in 
a Delco plant. Motors are moving at 400 


units per hr to a soundproof inspection booth 
for complete tests. 
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How do the various manufacturing 
groups in the electrical field approach 
mobilization? Taking just the 
NEMA group (comprising manufac- 
turers of appliances and of primary 
electrical equipment) the picture is 


like this: 


Electric appliance sales in 1956 
were up by 33 per cent over 1949. 
Individual items rocketed to new 
levels—6,200,000 refrigerators, 900,- 
000 farm and home freezers, 1,800,- 
000 ranges, 990,000 storage water 
heaters, 3,700,000 vacuum cleaners, 
4,300,000 washing machines, 3,000,- 
000 coffee makers, 4,500,000 toasters, 


and so on. 


Here is a huge productive capacity 
that will be sharply slashed this year, 
with the cut perhaps as much as 30 
to 40 per cent. On the other hand, 
military contracts for other types of 
goods will eventually take up this 
capacity, thus leaving the sum total 
of activity largely unimpaired. 


Other fields in which produc- 
tion showed substantial gains last 
year were industrial apparatus, such 
as welding equipment, motors, con- 
trols, also X-ray equipment. Indus- 
trial apparatus of course should re- 
act to the military program by sig- 
nificant gains; some indications point 
to at least a 25-per cent increase. 


The only product’ group 
which failed to show an increase in 
sales last year was power generation, 
transmission and distribution equip- 
ment, which was off by 10 per cent 
from 1949. But the stepped-up re- 
quirements for electric power under 
the present emergency conditions 
will necessarily bring with it an up- 
surge in the demand. 


But not all normal civilian pro- 
duction is necessarily non-essential. 
Machine tools offers the best example 
of how the design and production 
job will remain much the same, with 
only the end usage re-oriented. Light- 
ing fixtures, to cite a very different 
type of product, will find plenty of 





essential uses in new war-effort hous- 
ing, industrial plants, and military 
establishments. 


A great many civilian products 
will thus continue to be designed and 
made in much the same way as prior 
to the war emergency, since their end 
uses will be in the production of mili- 
tary goods or they will be used by 
the military forces themselves: Tex- 
tile machinery, commercial ovens, 
machinery, commercial 
laundering machinery, electromedical 
apparatus, are examples. 


conveying 


To sum up: Production for 
home appliances will be down—dras- 
tically. But this will be offset by de- 
fense orders for which the appliance 
plants are adaptable. (Moreover, a 
case will be made for the “essential” 
status of at least some part of ap- 
pliance output to help the housewife 
turned war worker, and to maintain 
overall home morale). 


In other product groups cutbacks 
will vary, but in industrial products, 
a decided boost in demand is likely, 
with, in many instances, but little 
change in type of product made. 


The big bulge of course will be in 
communications and radio (military) 
equipment, radar, instruments and 
testing apparatus, aircraft and ship- 
board electrical systems, and special 
types of motors such as servos. 


Radio and television will pro- 
vide a dramatic example of how a 
productive capacity will be swiftly 
converted in a large degree to mili- 
tary needs. 


Major problems for manufacturers 
are: Materials and components; pro- 
duction space and equipment; man- 
power—both on the production line 
and on engineering staffs. It’s par- 
ticularly critical in the latter cate- 
gory. 

To meet the overall national ob- 
jective—production for defense and 
a flow of essential civilian goods—the 
electrical manufacturing field is in 
far better position than it was at the 
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... the insulation that has already saved industry millions of main- The deland Chechric Co. 
tenance dollars plus the hourly output of hundreds of thousands ($8) 
of men! = 

This most timely announcement caps the test program we 
started 8 years ago when silicone resins were introduced by me LOUIS ALLIS co. 
Dow Corning Corporation. First we proved by accelerated life 
testing that silicone insulated motors had a good 10 to 1 advantage Co v9 


in life expectancy and wet insulation resistance. Then we sold 
silicone (Class H) insulation to the manufacturers of electrical The Reliance Electric & Engineering Company 
equipment ranging from lift truck and traction motors to solenoid 
and brake coils. We also encouraged the better rewind shops to 
rebuild hard working industrial motors with Class H insulation. 

Now we can proudly refer American industry to this goodly 
list of electrical manufacturers, all able and willing to supply THE B-A-WESCHE ELECTRIC COMPANY 
electric machines protected by Class H_ insulation made with CED» 
Dow Corning Silicones. 

Take your special problems to the application engineer 
representing any of these companies or to our Product Develop- 
ment Engineers. 


WESTINGHOUSE 
ELECTRIC CORPORATION 


© 


* "Class H” insulation is the kind of insulation 
that keeps motors running in spite of 
“Hell and High water.” (slanguvage dictionary) 
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beginning of the last war. To take 
one company for example, Westing- 
house reports that its 1950 produc- 
tion in dollar volume was four times 
as great as in 1940, and in the past 
five years its manufacturing floor 
space and equipment was upped by 
some 50 per cent. 


At the end of 1950 more than 
30 per cent of its order backlog 
for direct defense needs . more 
than one-third of all new 1951 busi- 
ness is expected to be in the category. 


2 was 


Another straw in the wind in the 
steady shift of “mobilization” to con- 
version is the spreading of sub-con- 


tracts. According to a report issued 
by the Office of Small Business of the 
Commerce Department some 6200 
military contracts were awarded to 
3200 companies for a total of $1.6 
billion in the first five months after 
the start of Korean hostilities. The 
tempo of such business should in- 
crease rapidly as prime contractors 
begin to be pressed for production 


capacity as well as for outside special- 


ized skills. 


In its survey-report for Decem- 
ber, the National Association of Pur- 
chasing Agents forecasts a fairly 
high output of civilian finished goods 
through the first two months of the 
year, since “in-process” inventories 
will permit a high output for a 
limited period. 


But the growing pinch of restric- 
tions on the use of basic materials 
will be felt by March, with a tempor- 
ary general decline in production. 
Even the expected acceleration of 
military orders will not be sufficient, 
the NAPA feels, to take up the pro- 
duction slack before the early part of 
the second quarter. 


Purchasing agents comment that 
present priority ratings are “not 
working well.” Most frequent com- 
plaint is that suppliers demand de- 
fense ratings for materials not on the 
critical list. Another complaint: 
Failure to provide for adequate sup- 


Checklist New NPA Orders 


Order M-7, Direction No. 2: Alu- 
minum: Permits certain adjustments in 
original order to provide for new prod- 
ucts started during or after base peri- 
od; for design changes in other prod- 
ucts; for shutdowns in manufacturing 
operations in base period. 

M-17: 
the following ceilings on number of 
DO (defense-rated) 


facturers are required to accept. Press- 


Electrical Components: Places 
orders that manu- 


ed steatite ceramic parts, 15 per cent. 
Extruded and machined ceramic parts, 
20 per cent. Electronic tubes (except 
power tubes) if made by only one 
company, 50 per cent; by two or more, 
25 per cent. 

M-8 (Amended); Tin: Materials con- 
taining 1.5 per cent or more of tin may 
be used in February and March for 
civilian purposes at only 80 per cent of 
rate of use in half of 1950. Use 
of new pig tin is prohibited where sec- 
ondary tin can be re-used. 

M-19; Lists permissible 


products in which cadmium may be 


first 


Cadmium: 


used as a manufacturing component or 
ingredient, or as a coating (plating). 
Certain electrical parts included 
for permitted usage. 


M-7, No. 3: 


Permits increased amount used in man- 


are 


Direction Aluminum: 
ufacture of strictly functional compo- 
Aluminum 
to exceed 1 


nents during March. com- 


ponents are not per cent 


of total weight of end product. 


Notice-]; Antihoarding: Sets up wide 
the 
which shall be unlawful. 

M-2 (Amendment); Rubber: Prohib- 
its private 


range of materials hoarding of 


importation. Provisions in 
original order covering restrictions on 
(GR-S and GR-1) re- 


main unchanged, but amendment also 


use synthetics 


sets up revised limits on total new rub- 
ber consumption. 

M-10 (Amended); Cobalt: Virtually 
complete allocation on all forms of co- 
balt. Certain uses specifically prohib- 
ited. 

VM-12 (Amended): Copper: Effective 
March 1 prohibits use of copper in any 
form in a long list of nondefense prod- 
Household electrical 


ucts. appliances 


are included except “where copper 
products or copper-base alloy products 
are used for functional parts where the 
properties supplied by the copper are 
substitutes 
(but 


with similar qualifications where cop- 


essential and satisfactory 


are not available.” Also included 
per is essential as an electrical conduc- 


tor, or is otherwise functional) are 
electrical alarm systems, chimes, lamps, 
electric razors, also juke boxes. 

No. 6: Civil Aeronautics 
Authorizes CAA to is- 


(defense-rated 


Delegation 
Administration: 


DO 
civil air transport and the Federal Air- 


sue orders) for 
ways System. 

M-20; Scrap Iron: To stretch sup- 
plies, and keep scrap moving to mills, 


plies of materials needed for main- 
tenance, repair and operating needs. 
The report suggests that “with a step- 
up in military production, a con- 
trolled materials plan may be neces- 
sary.” 


Some of this nature 
seems certain. Officials of the Na- 
tional Production Authority have 
hinted at it for some months. In- 


formed opinion points to a full-blown 


plan 


controlled materials plan in opera- 
tion by the middle of this year. 


A recent announcement by NPA of 
the appointment of Walter C. Skuce 
as staff assistant “to direct the Pro- 
duction Controls Staff Organization” 
is significant in this respect. He 
takes charge of current NPA activi- 
ties “leading to the development of a 
centralized control plan similar to 
the CMP used during the last war.” 


Machine vir- 
tually swamped The 
scramble for tools for the national 
defense program is aggravated by the 


builders 
with 


tools are 


orders. 


all dealers, brokers, etc., are limited to 
a minimum inventory. 
M-8 (Amended): 


mum use of scrap in production of pig 


Tin: Allows maxi- 


tin, alloys, chemicals. 

Notice-1; (Amended); Antihoarding: 
Adds several items to original list. 
3); Pr- 
orities: Authorizes DO ratings to pro- 


Regulation-2. (Amendment 
cure accessories (jigs, tools, fixtures) 
for companies engaged on rated orders. 

INDUSTRY ADVISORY COMMIT- 
TEES: Makers of metalcutting tools 
organize task group to find means for 
. . Electric 


fuse manufacturers sought NPA assist- 


curtailing use of tungsten. . 


ance to obtain badly needed copper 


and zinc. . . . Low-voltage distribution 


equipment group discussed copper 


of UL 


requirements on size of copper conduc- 


shortage. Possible modification 


tors will be studied. 

Aluminum foundry and castings com 
mittee approved proposed order intend- 
ed to flow alu- 


provide continuous 


minum scrap into normal distribution. 


. . . Machine tool builders sought pri- 
ority assistance for necessary materials. 
(used 


Barium carbonate producers 


TV 


barium 


in manufacture of glass picture 


tubes, also in titanate elec- 


tronic parts), the steel products in- 
dustry group, pigment manufacturers, 
abrasives producers and 35-mm motion 
also met 


picture equipment makers 


with NPA officials. 
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Here’s the LOW-COST way 


to HIGH oil resistanee 


When insulation must have outstanding resistance to oil and grease, do 


the job the fast, inexpensive way—with Irvington No. 32 Red Enamel. 


Irvington No. 32 Red costs less to buy—costs less to use. Just brush it 
on as the finish coat, over any type of insulation treatment. It is dry 


enough to handle in half an hour—completely dry in 8 hours. 


With its dielectric strength of 800 volts per mil, the tough, adherent 
film gives a big plus in electrical protection—along with its resistance 


to oil, water, chemicals and abrasion. 


Buy enough No. 32 Red at a time to be sure it’s always on hand—you 


can store it without deterioration for long periods of time. 


e ' 
Send coupon today for free sample and technical data. 


0000000000000 OOOO OO 0C8S00000000600 


Send this convenient coupon now Irvington Varnish & Insulator Company — 


6 Argyle Terrace, Irvington 11, N. J. 
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fact that a considerable portion of 
machine tools “reserves” is reported 
unsatisfactory. 


Total November new orders stood 
at an NMTBA index figure of 292.7 
against 289.6 in October. Foreign 
orders index dropped to 26.6 from 
49.5, so the relative increase in do- 
mestic business is even larger than 
indicated. . . . Shipments index rose 
to 110.9 aganist 100.9. Ratio of un- 
filled orders to shipments rose to 
12.2:1 as against 11.5:1. 


Although foreign orders have 
slumped, the potential need for ma- 
chine tools in Europe is heavy, if the 
European countries intend to fulfill 
their defense obligations. Undoubt- 
edly American manufacturers will be 
expected to supply some of these 
needs. On the other hand, some im- 
ports from Europe, particularly in 
specialized types, such as the Swiss 
automatics, should provide a com- 
pensating feature. 


In the meanwhile, top Washington 
sources indicate that a system of 
priorities is being set up to aid the 
machine tool builders in the procure- 
ment of essential materials and parts, 
such as motors, controls, bearings 
and cast iron frames. 


Factory sales or shipments fig- 
ures in appliances are still incon- 
clusive from the standpoint of re- 
flecting the effect of the new pro- 
duction restrictions. It will be neces- 
sary to wait until February or March 
figures are released to actually start 
appraising the month-to-month effect. 


Situation in metals, particu- 
larly. the nonferrous, continues criti- 
cal and the tightening force of NPA 


Sources: In addition to sources named, statis- 
tical data were obtained from: American Home 
Laundry Manufacturers’ Association; American 
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regulations and restrictions domi- 
nates the field. The price structure, 
as may be expected, has no relation 
to “official” quotations. How long 
this will persist is anyone’s guess. . . . 
The answer probably lies in how 
tough NPA will get in enforcing 
some of its antihoarding and similar 
provisions, to eliminate the specu- 
lators. 


Steel production during the week 
of January 15 set a new all-time 
high—99.6-per cent of the revised 
capacity of 104,299,650 tons annu- 
ally. This rate is calculated to pro- 
duce some 1,991,000 net tons of in- 
gots and castings. Previous high was 
for the week of November 6, when 
production totalled 1,986,000 tons 
and operations were set at 103 per 
cent of then estimated capacity. 


Output of primary copper im- 
proved somewhat in December 
moving up to 85,279 tons from 82,- 
564 (corrected) in November. Sec- 
ondary production fell off, however, 
5,364 tons from 7.584 tons... . Re- 
fined production was up, 109,464 tons 
against 101,410. 


Deliveries to fabricators rose to 
121,954 from 113,715 tons. Refined 
stocks dipped for the third straight 
month, reaching 49,040 tons. . . 
Total 1950 output of primary metal, 
939,931 tons, was the highest since 
1944. Overall picture, however, is 
far from encouraging, and copper is 
perhaps the tightest of our materi- 
als. 


Despite a sharp increase in 
aluminum output this year, the sum 
total of military and civilian de- 
mands will probably outstrip output. 

. Estimated 1951 output should 


Iron & Steel Institute; Copper Institute; Na- 
tional Electrical Manufacturers Association; 
National Machine Tool Builders’ Association; 


perma 


exceed 1.6 billion lb. and the sights 
for 1952 are set at 2.2 billion lb. 


Nickel demand shows no let up; 
an extremely tight situation is bound 
to persist until productive capacity 
is enlarged. . . . Primary producers 
have been rationing supplies to cus- 
tomers since last July. 


The platinum metals and _ silver 
have received a big boost in indus- 
trial demand. . . . Pricewise, silver 
has been subjected to heavy advances. 
Currently, it is over 90¢ per oz. 


A voluntary program to guide 
industry as well as private citizens 
on the question of disclosing tech- 
nical information in their possession 
has been set up by the Office of Tech- 
nical Services, U. S. Department of 
Commerce, Washington 25, D.C. The 
service is not concerned with infor- 
mation which is “classified” as re- 
stricted, confidential, secret or top 
secret. It is designed to deal with 
the considerable amount of informa- 
tion of unclassified nature covering 
advanced industrial developments, 
production know-how and technology, 
strategic equipment, and special in- 
stallations which frequently is in the 
possession of many manufacturing 
companies and their administrative, 
engineering and scientific personnel. 


If any doubts exist as to 
whether information of such char- 
acter should be disclosed to others, 
used in public addresses, newspaper 
or periodical articles, in advertising, 
or promotion, the OTS stands ready 
to provide an expert opinion. For a 
further description of this service 
write the OTS for the pamphlet “A 
Program for Voluntary Protection 
of Technical Information.” 


Radio-Television Manufacturers Association ; 


and Vacuum Cleaner Manufacturers’ Association. 


Among the feature articles scheduled to 


appear in forthcoming issues @ Power applied at point of use in Textile Machine Drives 


e Tests of Insulation Resistance of Thermosetting Laminates ¢ Structural materials 


for High Temperature service @ Electrical problems in Automatic Gaging devices @ Ap- 


plications for Germanium Diodes in control circuits. 
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There’s no Substitute 
like Engineering ... 


\ r 7 HAT to do about scarce mate- 

rials? Two approaches are pos- 
sible: The negative, which is to depend 
only on shifting improvisations as supply 
conditions change; the positive, which is 
a planned attack on the problem based 
on better engineering in every step of 
design and production. 

You can get to know and use some of 
the new materials perhaps previously 
neglected. Some of these may have been, 
may still be, in the high-priced brackets, 
but supplies may be relatively easier than 
materials and 
superior properties may permit lower 


those of conventional 


weight, fewer components, smaller dimen- 
sions, without impairing performance. 
This should be particularly true of 
plastics and of insulating materials, where 
advances during the past few years have 
been outstanding. Large plastics molding 
(using such materials as the polyester- 
glass compounds and new types of phe- 
nolics) can replace critical steel. 
Investigate, too, new formulations of 
conventional materials that now incorpo- 
rate extenders to stretch supplies, but do 
not impair properties except only as to 
color or texture. In general, you will want 
to eliminate frills. Particularly in metals, 
all gadgetry, decorative elements, all non- 
functional elements, will have to go. 
Simplify and functionalize not only 
external lines, but also internal assem- 
blies. Much can be learned from unitized 
and “packaged” electronic construction 
techniques that can be applied to other 
electrical products. 
Metals are, of course, the most critical. 
Yet even here the problem is not im- 
possible of solution if real engineering is 




















put to work to redesign for lower weight 
and fewer or smaller parts using critical 


metals. One TV producer announces 
currently a saving of 40 per cent in the 
copper used in transformers and deflec- 
tion yokes by a change-over in picture 
tube design. 

Packaging is another factor. Shipping 
containers can be redesigned to absorb a 
greater burden of shipping shock and 
vibration thus making possible a cutback 
in the size and weight of internal struc- 
tural elements, not needed for actual ser- 
vice, and perhaps total elimination of 
other elements. 

Production techniques offer an im- 
measurably wide field for engineering 
ingenuity that can lead to saving in the 
quantities of metals needed, or in the use 
of substitute materials. More than ever 
before the engineer has got to design for 
simplified and economical production. 

The problem of scarce materials will 
not be uniformly intense throughout the 
electrical manufacturing field. In many 
industrial lines, such as machine tools, 
textile machinery, food processing ma- 
chines, and other equipment essential to 
output of military equipment and sup- 
plies, the engineer will have the benefit 
of priorities. But in appliances, and 
other home and commercial products, 
the engineer is already facing a critical 
situation and it will get tougher. 

“There’s no substitute for engineering” 
is a time-honored truism. In these days, 
a paraphrase is in order: “There’s no 
substitute like engineering.” And 
engineering is an abundant substitute, 
limited only by our willingness to use 
imagination, skill and inventiveness. 










OM MERCIAL RADAR SYSTEM 


Careful subassembly design, allocation of subassemblies between 
indicator and transmitter-receiver, simplified case construction 
and use of standard television tubes and components provided a 
large-screen radar of greater range and definition at low cost. 


WILLIS F. JOHNSON 


Project Engineer, Raytheon Manufacturing Company 


PPLICATION of search and navigational radar 

to merchant shipping has developed during the 

last five years into an active and competitive 
field. Many hundreds of installations have been made, 
including both the 3-cm and 10-cm wavelengths, with 
indicator screens ranging from 5 to 12 in. diam. A 
survey of customer reaction to various radar designs 
established three strong requirements: A highly mag- 
nified radar presentation; high degree of definition for 
navigation in harbors and inland waterways; and active 
need for both 10-cm and 3-cm equipments. 

In undertaking an extensive program of redesign, 
the general objective was to improve performance and 
versatility without increasing cost. The specific goals 
were as follows: 

1. Basic system must be capable of production for 


either 3-cm or as a 10-cm service with minimum pro- 
duction effort and minimum of parts not common to 
both systems. 

2. New indicator unit must provide a larger radar 
scope presentation than any currently in use. 

3. Indicator must also be common to the 3-cm and 
10-cm redesigned systems and capable of replacing 
existing Raytheon indicators (all with 7-in. scopes) 
on both 3-cm and 10-cm sets already in use. 

4. When a 7-in. indicator is replaced by a larger 
scope, an accessory kit is required to permit using the 
7-in. indicator as an accessory. 

5. Provision must be made in the large-scope indi- 
cator for the addition of an inexpensive accessory kit 
to provide “true bearing” target indication in addition 
to the standard “relative bearing” indication. 
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Performance, appearance, convenience 
and accessibility for maintenance 
improved without increasing the cost. 
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6. Definition and = mini- 
mum range characteristics 
must be improved. 

7. Provision must be 
made for later addition of 
a radar beacon receiving kit 
as an accessory item. 

8. Obsolescence of acces- 
sories and service warehouse 
material must be kept low. 

Primary factors governing the packaging of a radar 
system are the installation requirements aboard mer- 
chant vessels, but these must be compatible with the 
system performance and interference requirements as 
well. Basically these needs are best met by dividing 
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Fig. 2.— By relocating some of the subassemblies in avail- 
able space in the indicator unit both the cost and size of 
the new transmitter-receiver case (left) were cut in half as 
compared with the former design (right). Finish of the 
new enclosure is a medium-gloss light green. Careful de- 
sign made it possible to house both 3-em and 10-em units 
in one enclosure. Since the case is usually backed against 
a bulkhead, the rear does not require an expensive finish. 


FEBRUARY 1951 


Fig. 1.—Navigational radar for merchant 
shipping consists of the indicator, transmit- 
ter-receiver and rotating antenna. 
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the equipment into the three packages shown 
in Fig. 1: A transmitter-receiver unit which 
can be mounted in a relatively remote and 
inconspicuous position; an indicator in the 
pilot house or bridge; and an antenna unit 
which mounts high on the mast. 
Transmitter-Receiver Unit. Basically, this 
unit incorporates the transmitter, receiver 
and modulator for the radar system. Two seri- 
ous design problems were met in the com- 
bined package itself. The first was to provide a univer- 
sal subassembly for both wavelengths; and then to re- 
duce the cost of the housing without sacrificing require- 
ments for impact, vibration, inclination and temperature 
tests. Close coordination between design groups made 














Fig. 3.—New r-f assembly for 

3-cm wavelength is far less 

expensive to build than the 

type formerly used, and is 

interchangeable with the 10- 
em r-f assembly. 


Fig. 4. (Left)—Door is com- 
pletely removable for easier 
servicing. Forced air venti- 
lation dissipates the 345-watt 
heat loss to keep enclosure 
temperatures safe with a 50 C 
ambient. Assembly shown is 
for 10-cm equipment. 


possible a housing, receiver and modulator common to 
both 3-cm and 10-cm equipments. This left only the r-f 
or microwave components and their mounting hardware 
as variables. 

Cost of the new housing, seen in Fig. 2, was less than 
half that of the earlier cabinet and both equipments 
can be accommodated. The older case contained some 
subunits which were transferred to the new indicator 
unit. This permitted a substantial reduction in the size 
of the new transmitter-receiver housing without in- 
creasing the size of the indicator unit. Furthermore, 
advantage was taken of the fact that the transmitter- 
receiver unit is nearly always mounted against a bulk- 
head or wall partition permitting seams and spot weld- 
ing indentations to show through the case finish on 
the rear surface. The housing is now fabricated in four 
pieces : top and sides in one piece, a base with mounting 
feet, back, and a one-piece door. 

One of the problems with the r-f assembly was 
mounting the 10-cm and 3-cm transmitting magnetrons 
on the same surface. This was accomplished through 
the use of a mounting adapter plate. It was also neces- 
sary that the output of the 10-cm and 3-cm crystal mix- 
ers fall near the same point. This was accomplished 
to the limit permitted by waveguide dimensions, and 

the small remaining difference was compensated 
by providing two sets of receiver mounting 
holes. This careful positioning was made nec- 
essary by the 10-cm bandpass requirements 
and low noise input required for improved 
definition and recovery time, and also by 
the extremely low minimum range. Despite 
the 3-to-1 difference in physical size of the 
two sets of microwave parts, interchangeabil- 
ity was secured. 

The original 3-cm equipments had employed 
a geometry in duplexer- mixer assemblies 
that proved costly in manufacture. In the new 
design, Fig. 3, the general physical shape of 
the new waveguide assembly was considerably 


Fig. 5.—To reduce maintenance time spent in getting at 
the equipment, the complete assembly tilts forward, ex- 
posing all terminals and components mounted on the back. 
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tube with a special screen coating. 


simplified to permit production at a fraction of the 
former cost. 

Maintenance accessibility was considerably improved 
by mounting the door on butt hinges, and developing 
a special door stay, Fig. 4, which permits removal and 
replacement of the door without the use of tools. The 
inner assembly is the mount for the modulator, r-f 
parts, transmitter, and receiver. It is hinged, as shown 
in Fig. 5, to tilt out for easy servicing when it is in 
its normal position. This assembly also serves as part 
of the ductwork for forced cooling of the unit. 

Design requirements of the modulator involved two 
major changes from previous models. First, the unit 
must supply modulating power pulses of either 0.2- or 
0.6-microsec duration at a substantially constant peak 
power level despite the 3-to-1 ratio of average power, 
since the pulse repetition rate was to remain fixed. 
Second, it must provide for proper matching either to 
a 10-cm magnetron at 20-kw peak power level or to 
a 3-cm magnetron at 40-kw peak power level without 
changing modulator components. 

After several designs of pulse transformer had been 
tried, a final design was adopted having two character- 
istics not specified in previous units. First, the shunt 
capacity of the secondary winding was limited in max- 
imum value in order to control the charging time of 
this capacity during the modulating pulse; and second, 
the magnetron match was varied slightly to provide 
for a small “overshoot” tendency in order to clean up 
“noise” generated by the magnetron during the trailing 
edge of the modulating pulse. These provisions make 
it possible to decrease the time when the magnetron 
was no longer interfering with the reception of desired 
target reflections. This permitted a reduction in min- 
imum range if the balance of the system was made 
sufficiently fast in recovery time. 

The provision for maintaining peak power level at 
the desired value of 20 kw or 40 kw and for changing 
pulse-lengths from 0.2 to 0.6 microsec was handled 
by primary taps on the plate power supply transformer. 
In order to conserve space and reduce cost, the two 
pulse-forming networks were combined into a single 
case seen in Fig. 4. In order to avoid the effects of 
timing jitter in the hydrogen thyratron modulator tube, 
a trigger winding on the modulation transformer pro- 
vides for referencing the transmitted pulse and indicator 
timing (range) circuits to this source rather than to 
pulses occurring prior to the firing time of the thyratron. 

Several new performance requirements were imposed 
upon the receiver in redesign. For example, the two 
switchable pass-bands were required; one correspond- 
ing to a 0.2-microsec pulse-length was to be 10 me wide, 
and the other one for 0.6-microsec was to be 3.5 mc 
wide, Also added was the circuitry to provide pulsed 
diodes across the r-f circuits of the i-f amplifier stages 
to permit a very rapid recovery time from r-f overload. 
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Fig. 6—Indicator unit employs a standard 16-in. TV 
Case was styled 
for ease of operation as well as good appearance. 
and front are medium green, sides are light green, base 
is dark green. Overall width is 24 in., height 46 in. 
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This same circuit also controls the rate of recovery 
and functions in this respect as an STC (sensitivity 
time control) gain on the i-f amplifier. The use of relays 
in the i-f strip was avoided by using a tube as a coupling 
switch to change bandwidth. FTC (fast time constant) 
switching was also done by means of a biased diode 
rather than by a relay to save space and cost. 

The motor driving the echo box is a brushless a-c 
type (as are all motors in the system) to avoid brush 
and commutator wear. This type, however, permits 
coasting or overshooting of the position at which the 
motor is de-energized. A simple dynamic brake circuit 
was applied to prevent coasting and assure detuning 
of the echo box in one operation. The pushbutton that 
operates the echo box also serves to remove any STC 
and FTC function. This eliminates the resetting of 
several controls when using the echo box. 

Indicator Unit. Careful consideration of screen size 
led to the adoption of a 16-in. PPI (plan position in- 
dicator) tube, since standard television cathode-ray 
tube components could be used except for the screen 
coating. This assured a relatively economical source 
of 16-in. cathode-ray tubes and it was also possible to 
use standard TV anode connectors and tube sockets. 

Styling of the indicator case—both from the func- 
tional standpoint and for attractive appearance—was 
considered of prime importance. Consulting industrial 
designers were called in to aid company experts in a 
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careful consideration of size, shape, lighting, handrails, 
footroom, access and control location. 

Once a suitable unit design was arrived at, sketches 
were made that were carefully adhered to. So success- 
ful was this effort to retain original design that the 
wood mockup of the indicator can today be placed 
alongside a production unit, Fig. 6, without revealing 
any obvious external differences. This was a major 
factor in minimizing design costs, since once a large 
number of design specialists have attacked a task of 
this nature, thousands of dollars of effort may be wasted 
with each design change. 

Accessibility for maintenance, one of the important 
design problems, was provided by the use of a hinged 
top cover, removable sides, and tilt-out chassis construc- 
tion, as seen in Fig. 7. Seldom-used controls were placed 
under a hinged panel cover, shown raised in Fig. 8. 
By careful design of connecting cables and remote loca- 
tion of meter shunts in the transmitter-receiver unit, 
it was possible to place all system fuses and blown- 
fuse indicator lamps at this point, as well as a switch- 
controlled test meter. 

Antenna Unit. Major conflict in antenna design is 
between size and azimuth (bearing) definition. Defini- 
tion and power gain are improved with increase in 
physical size, but installation and unit cost are driven 
up rapidly at the same time. A single compromise was 
made for a 3-cm antenna but for a 10-cm antenna it 
was necessary to provide two sizes. 

Another consideration was the allowable variation 
of the parabolic surface from that specified by the design 
equation. This factor was maintained in early 10-cm 
antennas by carefully machining slats of the proper 


























curvature and then assembling them by welding using 
welding jigs of the required accuracy. This gave good 
surface control but was too expensive for volume pro- 
duction. A new type of construction using a simple 
framework to which expanded metal was shaped and 
welded, Fig. 9, resulted in a more economical and 
entirely satisfactory reflector. Special solid pattern 
templates were developed to permit rapid and accurate 
dimensional control. This process produced suitable 
12-ft reflectors with excellent radiation patterns at a 
considerable reduction in cost. 


Past experience in the field with the horn feed and 
: | transition assembly for the 12-ft antenna indicated that 
| cost and reliability could be improved by eliminating 
| 

$ 

; 

‘ T* . : . 

| Fig. 7—Hinged top cover, removable sides and _ tilt- 


out chassis provide excellent accessibility for main- 
tenance. Quick-action fasteners and a minimum of heavy 
bolts 


reduces time spent in getting at the unit. 





Fig. 8 — All controls fre- 
quently used are mounted on 
front of the panel; range set- 
ting is shown by illuminated 
numbers. All fuses and 
blown-fuse indicators for the 
entire equipment are placed 
under a hinged panel along i 
with a_ built-in test meter. 
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Fig. 9—Rotating mechanism is the 
same for all three antennas. For 
installations requiring maximum 
definition at 10 cm, this 12-ft re- 
flector has a beamwidth of 2.1 
deg. Reflecting surface consists of 
expanded metal welded to a frame. 


a coaxial cable link between the horn and transition, 
and changing the horn assembly from fabricated sheet- 
metal to a casting. Experiments with special thin-wall 
castings and a “flip-flop” type of waveguide-to-wave- 
guide transition resulted in the production of a new 
transition and cast horn assembly seen in Fig. 9. This 
assembly not only eliminated water leakage in the co- 
axial cable fittings and improved the impedance match 
to the transmission line but reduced production cost 
as well. 

The mechanical and electrical portion of the antenna 
unit, exclusive of the microwave components, is a sub- 
assembly common to all three antennas. It is thus pos- 
sible to produce the rotating mechanism—including 
the drive motor, gear box, synchro generator and wir- 
ing harness—as a common item and then complete any 
one of the three antenna units by mounting the proper 
horn feed, reflector, and r-f rotary joint. 

One of the control problems for systems using d-c 
power supply was to allow the motor- 
alternator to reach running speed before loading it with 
the radar-system power. The cost and wiring complica- 
tion of an additional 10-sec time-delay assembly was 
avoided by providing a dual-cam timer in the 3-min 
delay relay assembly, and taking 10-sec delay point 
from this source. This eliminates not only the cost of 
a separate timer but the cost and nuisance of un- 
packing a basic a-c system, already sent to finished 
goods stores, in order to provide for a d-c installation. 

Results of Redesign, All of the goals of the redesign 
program have been achieved in the new system: 

1. Most of the subassemblies are common to the 
3-cm and 10-cm systems; only the microwave parts 
differ. All costly tubes except the 16 in. cathode-ray 


access Ty 


tube are the same as those used in previous models. 

2. The 16-in. indicator can be used as a replacement 
in our earlier radar systems employing a 7 in. unit. 
It is only necessary to remove the 7-in. unit from its 
deck mounting and external cable connections, place 
the 16-in. indicator in the same location, provide four 
new mounting holes in the deck pad, and remake the 
same external cables to the designated terminals in the 
new unit. 

3. A small kit was devised to permit retaining the 
7-in. scope as a secondary indicator or repeater when 
desired, with a minimum of new external cabling. 

4. Provision is made for an economical “true bear- 
ing” kit. All true bearing components have been re- 
moved from the antenna unit and only a switch, knob, 
and step-motor assembly in the indicator are now re- 
quired to drive the true bearing dial. 

5. Circuit improvements provide better short-range 
definition (0.2-microsec pulse) ; better long-range per- 
formance (0.6-microsec pulse) ; and a “minimum range”’ 
nearer to the antenna (main bang suppression). 

6. While considerable improvement was made in 
timing, linearity and speed, the basic circuitry was 
little changed. 

7. Since the extra time wasted in removing covers 
and components is as costly as productive maintenance 
effort, a high degree of accessibility is afforded for 
quick and economical maintenance. oOo0g 
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UNITIZED electronic de 





on and 


Fundamental approach is by means of functional subassemblies, readily 
removable and serviced, and providing higher levels of reliability and 


the minimum of costly maintenance. Not only military equipment, but 


also industrial, with its growing use of complex electronic controls 


ean find unitized subassemblies essential in overcoming design problems. 


CLEDO BRUNETTI, Associate Director 


THOMAS H. MORRIN, Chairman, Department of Electrical Engineering 
JOHN W. DAWSON, Supervisor, Equipment Engineering and Methods Laboratory 


Stanford Research Institute 


tion are today being more fundamentally chal- 

lenged than at any time in the commercial growth 
of electronics. There are several motivating forces for 
this challenge. Experience during World War II illus- 
trated on one hand the wonders that electronic devices 
can perform, and, on the other hand, the great problem 
of maintaining the operating performance of these de- 
vices. Postwar military tactical and equipment develop- 
ments show increased design complexity which makes 
the maintenance problem even more crucial. These de- 
velopments show not only that greater quantities of 
electronic equipment will be needed, but that this equip- 
ment must be much smaller in size, and of a higher 
standard of reliability. 

Upon our ability to cope with these demands lies 
the hope of being able to provide the vast quantity of 
electronic items required in modern warfare. Without 
improved production methods, back-breaking demands 
will be placed on electronics output. In addition, most 


UD on are today modes of equipment construc- 


urgently needed are improvements in ways and means 
to keep the equipments in operation once they are 
built, installed, and moved into action. 

The whole commercial communications field is also 
continuously evolving more complex equipments, The 
electronic multitube computer is an example of one 
commercial device that needs improved construction 
and reliability for its complex equipment. In fact, 
industry in general is tending toward the greater use of 
electronic controls and power-translating devices in 
manufacturing processes. Although electrically driven 
and other production machines have largely eliminated 
heavy manual labor from production lines, electronic 
devices of increasing sensitivity, accuracy, speed, and 
automaticity are needed today to match present per- 
formance demands. 

Three requirements for electronic equipment are: 
(1) reliability, (2) size and weight reduction, and (3) 
producibility. These are paramount factors which can 
not be separated, and these govern the trends of 


Table I—Analysis of Unitized Design 


A. ADVANTAGES 
. Simplifies fault-finding. 


. Simplifies replacement of faulty unit. 


. Reduces training requirements for 
maintenance personnel. 


. Increases “use-factor’’ of equipment 
by reducing casualty time out. 


. Reduces number of types of spare 


parts required. vibration. 


. Facilitates manufacturing of equip- 
ment (smaller subassemblies more 


easily handled than large chassis). ment. 


. Makes possible decentralization of 
production (thus taking advantage 
of small production facilities). 
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8. Allows rapid interchangeability of 
design (for example, amplifier charac- 
teristics may be changed by substi- 
tuting a new unit). 


9. Promotes standardization (a single 
subassembly design can be used in 
different applications). 


10. Often facilitates design incorporat- 
ing increased resistance to shock and 


B. DISADVANTAGES 
1. May increase initial cost of equip- 


2. Failure of one com equire 
discard of others (unless provision is 
made for accessibility to components). 





3. Breaking thecircuit for unitizing may: 


a. Introduce undesired coupling and 
ground impedances. ; 


b. Introduce additional losses. 


c. Introduce additional sources of 
trouble through coupling con- 
tacts. When it involves compaction 
of components in smaller space, it 
introduces new heat and electrical 
proximity problems. 


4, Increases volume of spare parts to be 
carried. 


5. Adds new components (such as plugs, 
when used) with attendant increase 
in potential sources of trouble. 


nent requires 
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modern electronic designs. Each is of utmost import- 
ance, but the immediate demand is for a_ higher 
standard of reliability and packaged electronic equip- 
ment in order that electronic devices can be serviced 
without expert maintenance personnel. Naturally, it is 
desirable to attain equipment with reliability necessary 
to meet all performance requirements, but demands 
cannot wait for the achievement of such perfection. 
Therefore, at present, systems must be designed with 
the knowledge that faults will occur, and these faults 
must be foreseen and made easy to locate and correct. 

One of the answers to this serious maintenance prob- 
lem is unitized design, or the design of equipment as 
a set of functional subassemblies, each of which may 
readily be removed and replaced when a fault occurs. 
Electronic equipment aboard a ship or in a manufac- 
turing plant may be repaired simply by replacing de- 
fective subassemblies rather than removing the com- 
plete equipment for analysis or calling in service ex- 
perts. Combined with rugged, reliable design to decrease 
the incidence of failures, unitized design may be an 
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in this TV receiver chassis layout. Fig. 2—The channel- 
selector unit. Fig. 3—Another unit: the video amplifier, 
automatic gain control, and sync separator. There are 
in all eight units. 


NOTE: The subject matter is based on the findings of a 
study conducted at the Stanford Research Institute under 
the sponsorship of the Undersea Warfare Branch of the 
Office of Naval Research on “Program Analysis in Elec- 
tronic Maintenance-Minimization.” The preparatory phase 
of this program included a survey of electronic components 
and techniques of reliable electronic equipment adaptable 
to unitized construction. A comprehensive report covering 
this phase is now in its second publication; copies are 
available through the Department of Commerce, Office of 
Technical Services, PB 101-745. 


important answer to the use of more electronics every- 
where. Whether it be in a military application, or in 
industry where equipment failure leading to interrupted 
operations is expensive, this type of design has much 
to offer. 

The concept of unitized design is not new. It was 
used by this country to a limited extent during World 
War II. German communication and radar equipment 
employed it to a greater degree. In the past five years, 
interest in unitized design has increased materially. 
Several types of packaged subassemblies are already on 
the commercial market in this country. These include: 
vibrators ; multivibrators ; converters ; high-speed binary 
counters; relays; trigger circuits; voltage and power 
amplifiers; differentiating amplifiers; cathode-follower 
circuits ; and square-wave generators. 

Unitized design will lead to preventive-servicing in 
at least two ways. First, it will facilitate checking the 
system for units of marginal performance. Second, it 
will stimulate development of subassemblies with 
known length of performance thereby permitting such 
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Fig. 1—Unitized design is exemplified by Setchell-Carlson 






















units to be replaced after a given span of service and 
prior to failure. Thus, continuous operation will be more 
nearly assured and expensive shutdowns avoided. As a 
step in this direction, units must be designed as much as 
possible with components in the same package of equal 
or nearly equal longevity. We will then have units of 
varied but fairly predictable life performance. This is 
also an economical step since failure of a short-lived 
component will not necessitate removal of a large 
number of other components capable of much longer 
service. 

Equipment so designed simplifies not only replace- 
ment of defective parts but also greatly reduces the 
problem of fault location. Consider a system of 100 com- 
ponents divided into five subassembly packages. When 
something goes wrong, it is no longer necessary to con- 
sider 100 possibilities for failure, but only five; in other 
words, so far as servicing is concerned, the equipment 
has been made twenty times less complex. 

For simple equipments, such ‘as those which consist 
of only a few plug-in subassemblies, servicing can be 
achieved best by replacing units one by one until the 
defective one is found, Most industrial and military 
electronic gear, however, is not this simple. It is esti- 
mated that well over 75 per cent of the time required to 
repair a radar equipment is spent in locating the faulty 
component. In complex gear, such as navigation radar 
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Fig. 4 (Above)—Cellular construction in a Motorola 
“handie-talkie” transmitter-receiver section. Each cell con- 
tains an individual plug-in “uni-stage.” Fig. 5 (Left)— 
Close-up of plug-in ‘“uni-stages.” 


ors 
% 7 1 


or computers, combinations of fault possibilities make 
the tedious method of replacing packaged subassemblies 
impractical. Often the subassembly may be in a hard-to- 
reach position; on large gear the subassembly may re- 
quire special handling. 

These and other factors point to the need for a 
locating procedure for complex equipments that will at 
least indicate the subassembly or section in which the 
fault lies. The fault-finding system must not add greatly 
to the design complexity of the equipment. If possible, 
it should utilize much of the equipment itself to do its 
own trouble shooting. 

One organization has designed and constructed com- 
puter equipment with plug-in packages and built-in 
fault-locating systems. One equipment contains plug-in 
amplifiers and a special panel for checking the per- 
formance of each plug-in unit. The checking panel has 
an amplifier-selector switch and means for applying test 
voltages in pushbutton style and for indicating the per- 
formance of the unit being checked. 

Setchell-Carlson, a commercial company, has an- 
nounced a unitized (Figs. 1-3) television receiver con- 
sisting of a master chassis on which eight functional 
plug-in units are mounted. Primary purposes of this con- 
struction are to increase the quality of the set by permit- 
ting testing of each individual unit, and to facilitate re- 
pair at a central location by simple exchange of units. 
Value of such a system for checking performance in the 
field where operating and maintenance personnel and 
equipment are limited is obvious. 

Although the system of unitized design offers many 
advantages, it also has its disadvantages. A tabulation 
(Table I) of some of both of these factors should be 
helpful in assessing the desirability of adopting this type 
of design. Many of the disadvantages will be compen- 
sated by other factors. The increased initial cost of the 
equipment, for example, can be counteracted by reduced 
service costs. In general, the advantages of unitized de- 
sign outweigh the disadvantages as is attested by the 
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Bell Telephone Laboratories 


Fig. 6—Another example of unsealed unitized construction in this panel of plugged-in amplifiers. 


strong trend toward this type of construction. The prin- 
cipal problem to date has been to educate design engi- 
neers to the need of incorporating fault-finding systems. 

Criteria for Unitizing. The manner in which an elec- 
tronic system is divided into packaged subassemblies 
depends on several factors. In simple systems, division 
may be accomplished by breaking the design into elec- 
trical functions such as detection, amplification, and 
power supply. More complex systems must take into 
account not only circuit functions but other criteria, 
such as: 


1. Maintenance requirements: simplification of fault- 

location and replacement. 

Simplification of repair supply problems by packaging 

in one unit components of equal longevity, and stand- 

ardizing electrical functions and form factors. 

3. Optimum number of components making unitizing 
practicable. 

4. Relative life and sizes 
of components must be 
determined and_pack- 
aged accordingly. 

39. Compatibility of com- 
ponents under — shock 
and vibration. 

6. Operating temperature 
of the package must not 
exceed recommended 
value for weakest com- 
ponent, and the package 
must be designed for 
optimum ratio of sur- 
face area to volume. 


bdo 


Fig. 7—This subminiature 
equipment in- 
cludes transducers, transmit- 
ters and _ plug-in oscillator 
units (Pacific Div., Bendix 


Aviation). 


telemetering 
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. Impedances at junction points must be at a level such 
that minimum disturbance of circuit performance re- 
sults. 

8. Optimum reliability of the complete system must be 
maintained by unitizing sufficiently reliable compon- 
ents, 

9, Ease of manufacture. 


N 


It is to be expected that the criteria for unitizing will 
change as new developments appear. Today, for ex- 
ample, it is desirable to break the system up into as many 
units as possible (consistent with meeting other require- 
ments) in order to avoid expending good components 
when a single one fails. With improved automatic pro- 
duction leading to greater manufacturing potential and 
decreased costs, it will be more feasible to produce and 
supply subassemblies incorporating more components. 
This trend will be enhanced by attaining greater relia- 
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bility in all components incorporated in the equipment. 

With the need for greater reliability, and as increas- 
ingly complex electronic equipments are reduced in size 
and are broken into smaller packaged subassemblies, it 
has become necessary to develop new fabrication tech- 
niques. Conventional methods, where single components 
are assembled to a single chassis and wired by hand, are 
incapable of providing the degree of reliability and re- 
duction in cost and manpower required. In the case 
of some miniature equipments, it is difficult for a human 
hand to assemble the components. 

Mechanized production techniques are needed not only 
for small but for large equipments. Such advantages as 
lower cost and greater uniformity and reliability of the 
product are important regardless of the size of the 
equipment. To meet present requirements, and those of 
the near future, the fabrication techniques must : 

1. Produce a reliable product. This is one of the fore- 
most objectives. The technique must either provide re- 
liable components of its own or provide for attaching 
external components of required performance charac- 
teristics. The units produced by the process must be 
sufficiently rugged to withstand anticipated mechanical 
abuse, including shock, vibration, and transportation 
wear and tear. They must also be protected or protect- 
able against atmospheric abuses and have long shelf- 
life without deterioration in either electrical or mechan- 
ical performance. 

2. Be adaptable to as many types of electronic equip- 
ment as possible, both large and small. They must pro- 
vide as much space and weight minimization as possible 
regardless of the comparative size of the equipment. 

3. Be amenable to mechanized production. By greater 
inherent reliability and uniformity of production, human 
errors can be avoided, there will be less handling of 
the unit, and most likely a reduction in cost. 

4. Be amenable to packaged-design form-factor re- 
quirements, that is, they should provide effective utiliza- 
tion of the third dimension. 
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Fig. 8 (Left)—Silver-circuit 
pattern fired on ceramic is 
utilized by North American 
integrated- 
type pulse-width discrimina- 
tor. Fig. 9 (Right)—A pro- 
duction-type process for de- 
positing resistors on submini- 
ature “card” units in opera- 
tion at Telex, Inc. 





5. Provide an economical product, which can meet 
competition in commercial applications, and make ex- 
pendable subassemblies more practical. 

6. Require low initial investment and tooling time 
wherever possible. 

7. Avoid the use of strategic materials. 

It is important to point out the highlights of some of 
the current fabrication techniques. Basically most of the 
methods are characterized by one or more of the three 
following techniques: (1) Unsealed assemblies of con- 
ventional components; (2) preformed or printed cir- 
cuits; (3) hermetically sealed assemblies filled with 
solid, liquid, or gaseous materials. A considerable 
amount of ingenuity has gone into the development of 
these methods of manufacture. Most of them are adapt- 
able to unitized design and to mechanized production. 
The first two are distinguished from the third in that 
they are manufactured without special attention to seal- 
ing. Either of the two may be incorporated in the third. 

Unsealed Assemblies of Conventional Components. 
A significant development in unsealed assemblies is the 
Motorola 19-tube personal, 25- to 50-mc transceiver 
which has been on the market for some time (Figs. 4-5). 
It is composed of plug-in subassemblies made by wiring 
miniature components to a thin metal chassis 34 in. 
x 234 in. in area. Assembly is made to both sides 
of the chassis, thus providing additional shielding and 
resulting in approximately thumb-size plug-in units. 
Tubes, both miniature or subminiature, crystals and 
other components are in turn plugged into sockets on 
the plug-in unit. This design is a good extrapolation 
of more conventional techniques into the subminiature 
class of construction. The subminiature components are 
more easily assembled since individual plug-in units 
are much more readily handled than large complex 
chassis. This reduces the cost of both labor and inspec- 
tion on the line, and facilitates repairing in the field. 

Other typical developments in unsealed assemblies 
include: A plug-in voice frequency amplifier (Fig. 6) 
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Fig. 10 (Above)—An_ amplifier-relay with components 


modified for connection to sprayed leach. Fig. 11 
(Right)—Small relay with etched-foil conductor pattern. 


Fig. 12 (Lower Right)—New and old method for wiring 
a two-phase motor: Wiring shown at right has been etched 
from a foil-clad plastics base. 


manufactured by the hundreds by the Bell Telephone 
Laboratories. The amplifier has 35 db gain, and is 
housed in a case 1%4 in. x 1% in. x 4 in. The Signal 
Corps miniature AM transceiver, utilizing plug-in sub- 
assemblies and a telescoping antenna, and weighing 11 
oz. An airborne telemetering unit developed by the Pa- 
cific Division of Bendix (Fig. 7), employing a plug-in 
amplifier and oscillator units. A novel pin arrangement 
for the plug-in units allows for both electrical and ther- 
mal feed-through with further provision for mechanical 


fastening. 
Preformed or Printed Circuits 


Many variations of printed circuits have been devel- 
oped over the past five or more years. (See Figs. 8 
through 12 for some examples.) One of the most popular 
has been the screen stencilling process by which silver 
and carbon paints are applied to ceramic or plastic bases. 
Although Centralab was the pioneer, several other 
manufacturers have entered this field. In government 
laboratories, the National Bureau of Standards, con- 
tinuing its development of this type of printed circuit, 
has produced some interesting mechanisms for applying 
the circuits to both flat and cylindrical surfaces.* 

Sprayed and stamped copper wiring processes have 
received much study. Although neither process is par- 
ticularly adaptable to miniaturization, each type of 
circuit can be produced easily and seems rugged under 
test. The stamped wiring method is flexible to design 
changes and offers a good combination of conventional 
and automatic techniques. The sprayed wiring circuits 
can be rapidly produced at such low cost that this method 
seems to lend itself well to the trend toward use of 
expendable components. The printed circuit processes, 
in fact, are very representative of mechanized fabrica- 
tion techniques. Some of the processes provide excellent 
uniformity of production as well as fine detailed layouts. 


*See “Reliable Electronic Equipment,’ G. B. Devey, January 1950, 
ELecrr1caL MANUFACTURING, p. 107. 
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Top view with cover plate, 
tube and relay removed 





Tube socket 


Carbon resistors 


Capacitors 


Wire-bound resistor 








There has been an interesting trend toward the use 
of etched film processes for conductors. Plastics, paper, 
or glass-fiber surfaces covered with thin metal films are 
used. The circuit pattern desired is stamped on the 
surface in acid-resisting ink. Immersion in an acid bath 
removes the unwanted metal, leaving the desired circuit 
configuration. Ferric chloride solutions are also em- 
ployed. External connections to the lines can be made 
by soldering to eyelets or by sliding pressure-contacts. 
A standard offset printing press can be employed to 
apply the ink to the foil surface in mass production. 
Miniature or standard components can be attached to 
the etched circuit by inserting the component leads 
through properly placed eyelets, then dip-soldering the 
entire assembly (SCEL “Auto-Sembly” technique) .7 

The “Elargol” process, developed in England, is char- 
acterized by relative simplicity and economy. It is 
claimed that only two hours are consumed in going from 


a circuit drawing to the first completed circuit. In brief, 
(Continued on Page 200) 


+ See ‘“‘Photoetched Conductive Circuits Adapted to Mass Fabrication,” 
June 1950 ExLectricaL MANUFACTURING, p. 90. 
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The practicability of POWDER 


Where the cost of machining of metal parts is excessive, pow- 


der metallurgy techniques lend themselves to economical pro- 


duction, particularly where machined parts require assembly. 





OWDER metallurgy is one of the newer metal 

fabrication techniques that is finding increasing 

use in the mass production of metal parts where 
the cost of machining otherwise becomes a substantial 
portion of the finished part cost. In general, powder 
metal processing replaces casting, forging, stamping, 
machining and other forming operations where parts 
can be made to equal specifications or better at over- 
all cost savings, oftentimes replacing an assembly of 
two or more solid metal parts. 

Powder metallurgy is primarily a large volume oper- 
ation. The cost of dies and setting-up time, entailing 
from 1 to 30 hr, must be spread over a sufficient num- 
ber of pieces to be inconsiderable for each, certainly 
less than the machining cost per piece. Time for pro- 
duction and labor are usually small factors because 
production proceeds at a rate of 500 to 50,000 pieces 
per hour. About 25,000 to 50,000 parts is commonly 
considered the minimum range at which powder metal 
processing shows its advantages in cost. 


Fig. 1—A group of top-and-bottom-action die sets used 
for producing round and odd-shaped metal powder parts. 
Fig. 2—A single-punch, top-and-bottom-action cam _ press 


Fig. 1 
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Some small but highly complex pieces may require 
many machining operations. Here it is sometimes pos- 
sible to produce as few as 500 pieces in powder metal 
to advantage if these units are physically adapted to 
powder metal production. For stock items like bushings, 
the governing cost factor is wear life of the dies, which 
are the simplest. Table I summarizes cost factors com- 
pared with other production methods. 

Normally two steps are involved in the process: (1) 
Powdered metal is compressed in a die between punch- 
es, Fig. 1, at pressures of 20 to 50 tons per sq in.; and 
(2) the compact is sintered to obtain metallic strength. 
Size, shape, composition and density of the part desired 
control the degree of pressure required. 

Pressure is applied on the powder either from the 
top or from both bottom and top. Conventional toggle, 
crank or hydraulic presses are often used for large 
pieces, with hand ladling of the powder. But on small 
parts where high speed is desirable, special briquetting 
presses have been devised with automatic gravity feed 


capable of producing 2000 small metal powder compacts 
per hr. Fig. 3—Press equipped with rotary multiple punch 
die produces up to 650 powder compacts per min. Fig. 4 
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of the material. The single-punch machine, Fig. 2, is 
capable of 2000 or more pressings per hour, whereas 
the 15-ton multiple-die rotary type, Fig. 3, can produce 
up to 650 parts per min. Fig. 4 shows a large hydraulic 
type, fully automatic. 

The formed powdered part, known as a briquette, is 
relatively fragile though firm enough to be handled. In 
this form it is termed “green”. The briquettes are 
heated or “sintered” in a controlled-atmosphere fur- 
nace at a temperature below the melting point of the 
solid metal constituents. The sintering process heat 
bonds the microscopic edge of the powder particles and 
converts the green briquette to a strong metal part, 
indistinguishable to the eye from a solid metal part, 
but somewhat less dense. In some properties the sin- 
tered metal is superior to solid metal, and in others 
unique. 

When unusually close tolerances or additional 
strength are required, the sintered parts are sometimes 
subjected to an additional sizing or coining operation. 


—Operation is completely automatic on this 400-ton hy- 
draulically operated powder metal press. Pressure is ap- 
plied from both above and below. 


Fig. 2 Fig. 3 
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Fig. 4 












































| 
| form 


machine parts 


1314¢ per lb for zinc, | 


other materials some- 
what higher. 


Low to 


most common up to 


| brasses (34 to 50¢). 


medium— | 
| steel (4 to 5¢ per Ib) 








other casting meth- 
ods. Typical dies cost 
$200 to $5000. 


Medium — $50 to 
$200 common tooling 
cost range. 


Fabricated Raw material Tool and die 
costs costs 
Die castings Medium—about | High — more than | 


Precision | High generally. Proc- Low if model is avail- | 
castings | ess is best suited to able; moderate if | 
| special alloys which | model must be made. | 
| are usually costly. | 
Stampings, Low to moderate, | High—$400 to $1200 | 
formed parts | ranging from ordi- | is common for dies | 
| nary steel to stain- | for small parts; more 
| less. for large parts. 
Screw | 


Powder 

metal parts Medium to high— | Medium — usually 
| powders run 13 to | more than $100; 
90¢ per lb for iron; | range $100 to $2000. | 
| 20 to 25¢ for copper; | 

22% to 30¢ for brass. | 
Cut High—usually over | Low—cuttingis done | 
extrusions 20¢ per lb. | with simple tools. 


Optimum lot sizes 
Large quantities — 
1000 to hundreds of 
thousands. 


Widerange, although 


best for quantities of 
from 10 to 1000 


Large lots — over 
10,000 best. 
Large lots best — 


more than 1000 es- 
sential. The higher 


the quantity the bet- | 


ter. 


Large lots best to | 


amortize die costs— 
10,000 pieces. How- 


be necessary. 
Wide range—useful 


for large and small 
quantities. 


Finishing costs 


‘Low—Wtile, if any, | 


machining required. 


Low—machining not | 


generally necessary. 


Low—seldom neces- 
sary to do anything 
but clean and pos- 
sibly trim. 


Low—burnishing or 
cleaning might be 
necessary. 


Low—machining is 


difficult but seldom | 
| needed. 
ever small runs may | 


Low — tumbling or 
deburring may be re- 
quired. 


Table I—Comparative Cost Factors on Six 


Scrap loss 





Low — only gates, 
sprues, etc. which 
are remeltable. 


Low—most casting 
sprues, gates, etc. 
are reusable. 


Low to moderate— 
scrap from blanks 
can often be used to 
make smaller parts. 


High — considerable 
material lost in form 
of chips in machin- 


ing. 


Low — virtually no 
waste material. 


Low — waste mate- 
rial removed at mill. 





































However, coining is generally an exception rather than 
the rule in the manufacture of powder metal parts. 

There are many kinds of metal powders commer- 
cially available. Except for the various carbides used 
for cutting tools and wearing parts, the powders used 
in the greatest tonnages are iron, brass, tin and copper. 
Tungsten is used in quantity for both filament wires 
and contact points. 

Particle size is such that a substantial percentage of 
the powder will pass through a 325-mesh screen. Ir- 
regular shaped particles make the best form for good 
green strength. 

Generally lubricants must be added to reduce die 
wall friction and galling. Lubricants consist of such 
materials as zinc stearate or stearic acid. 

Some examples of large percentages in cost savings 
obtained with powdered metals are shown in the illus- 
trated case histories. Others are cited below: 

A saving of 84 per cent was made in the finished cost 
of a hub and clutch for a record player. Formerly the 
unit was made of two machined parts that were as- 
sembled by press fitting or staking. The concentricity 
allowance of 0.001 in. total indicator reading made 
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manufacture difficult and expensive. Using powder 
metal consisting of 90 per cent iron, 5 per cent copper, 
and 5 per cent brass, both of the original parts were 
combined into one piece, somewhat modified to avoid 
undercuts. Required tolerances were maintained with- 
out a sizing operation. Assembly problems were elimi- 
nated. Other advantages beside the great saving in 
cost were more uniform, simplified parts, resulting in 
trouble-free operation. 

A cost saving of 60 per cent was realized by a firm 
making a bearing plate for toy trains. The former 
method consisted of making the part from an assembly 
of a stamped steel plate, two screw-machined spacers 
and an oil-retaining bushing. The six operations pre- 
viously required included machining, blanking and pierc- 
ing, blackening, and assembly. 

In the powder metal method a single iron-powder 
part replaced the four-piece assembly. Self-lubricating 
properties were provided by increasing the porosity of 
the bearing portion of the plate and impregnating the 
finished part with oil. The advantages of this method 
over the former one are the elimination of four-piece 
assembly and economy in metal, where previously screw 
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Methods of Forming Custom Metal Parts 


Choice of | 


Complexity 
materials 


of part Maximum size 





| Narrow. Zinc, alu- | 
minum,magnesium, | which can be quite 
brass, tin and lead. | complex. 





18 to 20 lb for light 
metals. 


Extremely wide, in- | Extreme complex- | Large sizes possible, 
cluding alloys diffi- | ity possible. Mold | although under 2 lb 
cult to forge or ma- | destroyed aftercast- | offer best possibil- 
chine. ing. ities. 


Wide. Includes all | Limited to shapes | Almost unlimited. 
workable sheet met- | formed from sheet | Good method for 








als. | metal— many re- | very large parts, if | 
strictive design | design will permit. 
rules. 


| 
Wide, although ma- | Limited to rotation- | Medium. Most ma- 
terials with high ma- | al shapes, although | chines handle stock 
chinability rating | cross holes and un- | up to 2% in. in dia. 
are most frequently | der-cuts are easily | and 6 in. long, al- 
used—steel, brass, | made. though newer ma- 
aluminum, magne- chines have capac- 
| sium. ities up to 8 in. dia. 


Narrow for mechan- | Limited by die, poor | Small parts up to 4 
ical parts. (Iron, | flowofpowders,and | sq in. section are 
iron-copper, copper, | by difficulty of 
| bronze, brass, steel.) | transmitting pres- | ings of considerably 
| sures thru great 
depths of powders. 


been made. 


Narrow. Copper al- | Can be complex in | Medium. 8 or 10 in. 
| loys, aluminum, | cross - section, but | dia. is the usual 
| 
| 





magnesium most | uniform in section | max. 
| popular. (New proc- | along length. 
esses now in devel- 

opment will permit 

extruding of mild 
steels in restricted 

shapes.) 


machine and blanking scrap ran as high as 50 per cent, 
not including the labor and production cost. 

A reduction of 50 per cent in cost saving was brought 
about by making a business machine gear of leaded 
brass powder instead of using steel bar stock requiring 
fourteen machining operations. The only machining re- 
quired on the sintered powder part was to finish-ream 
and chamfer. A big saving in materials was also 
achieved. Tolerances on diameter of the hole were held 
to 0.003 in. and on total length of hub to 0.004 in. Total 
indicator reading on pitch diameter eccentricity is 0.007 
in. when rolled with master gear. 

Special applications of powder metallurgy accom- 
plish results not possible except by that method. These 
include parts in which different metals or substances 
are combined to give final characteristics which cannot 
be achieved by mechanical joining or alloying. 

Some of these examples are: Copper combined with 
steel to make a self-brazing alloy; lead dispersed in 
Copper for bearing surfaces, the former to give anti- 
friction properties, the latter for strength; oil com- 
bined interstitially with metal to give continuous self- 
lubrication; copper combined with carbon as in com- 
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Limited only by die, | About 35 lb for zinc, | High. +0.001 to 





best, although bear- | 


greater size have | 


| num and +0.005 | 





Precision and 


tolerances Rate of output Remarks 


High. Usual range | Die castings are 
0.003 in. regularly | 100 to 1000 per hr; | among the most 
met. sometimes as high | economical metal 
as 3000. forms, as produc- 
| tion is high, finishes 
good and tolerances 
fine. 





High. +0.002 to | Slow. Up to 100 per | Precision casting is 
0.005 in. common; | hr. suited to production 
closer possible. of parts too intricate 
for sand casting or 
powder metallurgy 
and made of mater!- 
als that cannot be 
die cast. 





High. +0.001in.is | High. Up to several | Pressed metal parts 


| common and closer | thousand pieces per | are usually the 


tolerances are pos- | hr. 
sible on smaller 
parts. 


cheapest, when 
quantities are high. 


High. +0.015 to | Extremely high. Up | When part and ma- 

0.060 in. possible; | to 3000 to 4000 per | terial lend them- 

+0.001 to 0.003 in. | hr on small parts. selves to this proc- 

customary. ess, it is the fastest, 
cheapest and most 
accurate. 





High. +0.0005 in. | High. 1800 per hris | Powder metallurgy 
obtained by sizing, | not uncommon. Un- | parts can be made 
+0.001to0.005in.| der ideal circum- | of materials not 
common. stances output can | formable by any 
be several thousand | other means. 
per hr. 


| High. 1000 small | In addition to pro- 
parts per hr possible | viding final shapes, 
on automatic | extrusions are also 
lathes, or saws. used in some mate- 
rials to reduce forg- 
ing costs by provid- 
ing blanks close to 
| final shape. 


Fair. +0.005 to 
0.020 in. iscommon 
on widths for alumi- 


in. and wider for | 


copper alloys. 


mutator brushes, the former for conductivity and the 
latter for anti-friction properties; silver (or copper) 
combined with tungsten to make contact points, the 
former for high conductivity, the latter for resistance 
to heat and wear; mixtures of copper, tin, iron, lead, 
graphite, and silica to make heavy-duty friction sur- 
faces. 

These examples illustrate certain unique character- 
istics which suggest the possibility of powdered metals 
solving new problems. Oftentimes it is possible to make 
combination of metals which are unalloyable by melting 
practice because the elements, being incompatible, tend 
to segregate. By powder metal processing the finished 
product has certain desired characteristics of each ele- 
ment. Powder metal also serves in forming metals which 
are too hard for machining, such as tungsten wire, or 
permanent magnet materials like the alnicos. 

Powder metals and solid metals are conveniently 
joined as in copper-carbon brushes and copper leads or 
pigtails. An inserting operation is necessary and each 
of the combining substances must tolerate the heat of 
sintering. Varied possibilities exist in this field. 

A valuable major characteristic is the inherent por- 




























































osity of powder metal parts, especially as it is control- 
lable. The oilless bearing is the classic example of the 
value of porosity in powder metal parts. Oilless bear- 
ings are impregnated with lubricant after sintering so 
that the tiny voids act on the one hand as a reservoir 
for a long-term supply of lubricant, and on the other 
as channels through which, by capillary action, the 
needed amount of lubricant is drawn to the bearing 
surface. Such bearings hold 10 to 40 per cent of oil 
by volume and offer the advantage of supplying more 
lubricant as cooling contracts the part. 

Oilless bearings were first used in automotive and 
other internal combustion engines some 25 to 30 years 
ago. They have a special value in paper, textile and 
laundry machinery where contamination of product by 
lubricant must be avoided. They are also widely used 
for small motors. Another use is in electrical household 
appliances and other mechanisms whose moving parts 
are not readily accessible for periodic lubrication. 

Powder metal parts may also be infiltrated with 
metals. Infiltration of steel parts by copper greatly 
enhances the strength of the part. A slug of copper 
is placed on the part and infiltrates the pores during 
the sintering process. Wetting action is largely con- 
trolled by the furnace atmosphere. Ultimate strengths 
up to 100,000 psi can be obtained by proper heat treat- 
ment. 

Powder metal parts can be electroplated with the 
usual plating metals. Staining or coloring is a satisfac- 
tory process often followed by lacquering. 

Steel parts can be carburized to obtain a hard case, 
but the porous nature of the sintered piece makes con- 
trol of case depth difficult due to the rapidity of absorp- 
tion of carbon. Successful carburizing is possible after 
the piece has been coined to a density of at least 96 
per cent. Hardness readings on such parts are some- 
times misléading as far as correlation with tensile 
strength is concerned. Hardness of 60 Rockwell C have 
been obtained on steel parts in the laboratory. In com- 


Table 1l—Physical Properties of Some Common Powder Metal Compositions 


Rockwell 

Tensiles of hardness 

Material or nominal natural metal = of natural 
percentage compositions psi metal 


70 Cu, 30 Zn (Brass) *48,000 *F-60 

80 Cu, 20 Zn (Brass) *45,000 *F-58 

85 Cu, 15 Zn (Brass) *40,000 *F.55 

90 Cu, 10 Sn (Bronze) *56,000 *B-55 

64 Cu, 18 Zn, 18 Ni *58,000 *B-40 

Pure Iron *35,000 to 
40,000 

Iron plus 1% graphite Cast Iron B-80- 
25,000 to B-100 
50,000 

. {Steels— ‘B-50 

90 Fe, 10 Cu | 60,000 to lto C-65 
175,000 | depending 

95 Fe, 5 Cu plus 1% graphite depending )on 
) upon ) composi- 

Pure Fe with copper infiltration composition  |tion and 
and heat heat 
treatment \ treatment 





*In soft annealed condition. 


Pressed and 
sintered, psi 


mercial practice, hardnesses within the range of 40-50 
Ro are readily obtainable. Strengths run up to 75,000 
psi, although regular practice averages 40-50,000 psi. 

Table II summarizes the comparable physical prop- 
erties of both ferrous and nonferrous metals. 

Tungsten’s melting-point is so high that it can be 
practically handled only by powder metal processing. 
After being powdered, cold-pressed and sintered into 
blanks, tungsten then is hot-worked and drawn into 
wires for electric light filaments with a tensile strength 
as high as 600,000 psi, the highest of any known sub- 
stance. Parts for electronic tubes are produced from 
sintered compacts. 

The size of parts which can be manufactured is pri- 
marily limited by the power of the press and the area 
of the part on which pressure must be exerted as mold- 
ing pressures of 20 to 50 tons per sq. in. are 
commonly used in powder metal work. Present pro- 
duction is chiefly of parts not exceeding 3 to 4 in. in 
diameter. Smaller pieces are often made on automatic 
machines at high speeds. Parts as large as 20 in. in 
diameter are made on high tonnage hydraulic presses. 


Design Limitations 


As to shapes, the variety in which powder metal 
parts may be produced is very great. Any contour of 
periphery, whether internal or external, and however 
complex, is suited to powder metal processing provided 
it is uniform in the direction of pressing, namely axially. 

It should be borne in mind that tooling for powdered 
metal parts is similar to punch press dies in that a 
punch and close-fitting mating die is required and 
relative movement is in only one direction. The cross- 
section of the punch can be any shape, and on the end 
surfaces, any type of projection or indentation can be 
formed as in an embossing die. Projections and in- 
dentations include internal and external ribs, splines, 
blind holes, through-holes, and tapers. Various prob- 
lems as those highlighted here should be studied by 


Approximate tensile strength 





Coined 


Hardness psi Hardness 


36,000 F-50 up to 50,000 up to B-60 
30,000 F-45 up to 35,000 up to B-50 
25,000 F-40 30,000 to B-25 to 
35,000 40 
20,000 B-5 32,000 B-25 
44,000 B-10-20 
20,000 F-60 up to 35,000 C-40 to 
C-60 
25,000 to B-50 Not recommended B-50 to C-50 
40,000 heat-treated 
35,000 (B-50 to up to 50,000 
|B-80 
Heat treated to C-25 
40,000 to Heat 95,000 heat treated 
75,000 \ treated 
up to Heat treated to C-25 
60,000 C-25 100,000 heat treated 
\ 
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Case Histories of Powder Metal Parts 


A 


Centrifugal clutch assembly for frac- 
tional horsepower motor drives was de- 
signed for powder metal production. 
The iron-base powder metal surface 
offers high friction properties for the 
cup and flange. Shoes of leaded iron 
give maximum relative friction. Porous 
leaded bronze bushings assure self- 


lubrication for the life of the part. 


Powdered metal taxi meter ratchet 
gear made of 90 per cent iron and 10 
per cent copper by the Bound Brook 
Oil-Less Bearing Company. Previously 
this part was produced as a cut gear, 
more recently as a die cast gear. The 
die casting proved too soft in applica- 
tion. The ends of the gear teeth wore 
considerably and deformed under con- 
tinued impact loading. 

The powder metal ratchet gear, which 
actuates the dollar-and-cents indexing 
dial, withstands the impact loading 
caused by solenoid action in the taxi 
meter. Powder metallurgy offers many 
definite advantages for this part: A cost 
saving of approximately 75 per cent 
over cut gears; better physical charac- 


teristics than the die-cast gear; uni- B 
form teeth which are smooth and quiet 
in performance; 


reproduction of in- 
volute tooth profile at low cost; closer 














tolerances than can be held on the die 
casting; and absence of deformity in 
service. 


Cc 


For the new Dictaphone Time-Master 
dictating machine, the engineers tried 


machining a figure-8 cam groove and in- 
serting two triangular rise-points. This 
proved too costly. Then they tried pre- 
cision casting in brass by the lost-wax 
method, but this developed an unsatis- 
factory groove. The irregular contours, 
changing radii, the rise-points in the 
cam groove, pointed to powder metal- 


lurgy as a solution of these difficulties. 
The precision of this method is such 
that most of the machining or finishing 
operations were eliminated. Tolerances 
as low as +0.003 in. are easily held; 
on some parts as close as +0.001 in. 
Production rates run as high as 50,000 
per hour per press. 


a powder metal expert to determine the best possible 
means for processing of the different parts. For in- 
stance, the production of parts with threads and under- 
cuts is not practical by the powder metal process ex- 
cept as a secondary machining operation. 

Sharp variations in thickness in the direction of 
pressing should also be avoided. Such variations may 
make the unsintered pieces difficult to handle and are 
likely to set up severe strains when sintered. Further, 
they require presses equipped with complex motions. 
When extreme variations in thickness cannot be 
avoided, they may to a great extent be offset by cor- 
fective variations in opposite positions. Thus, through 
redesigning, a deep groove on one side of a piece may 
be offset by a corresponding ridge on the opposite side. 

Undercuts and cored holes at right angles to direc- 
tion of pressing are to be avoided. Length of part should 
also be considered in relation to diameter. Friction of 
the powder against the die wall enters here and affects 
the density of such parts as long cylinders. Die friction 
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will reduce the effective pressure in the midsection and 
make it less dense than the end sections next to the 
punches, if pressed from both ends. The general rule 
is that the ratio of length to diameter should not ex- 
ceed 21% :1. 

Variations in final dimensions of powder metal parts 
are due to die tolerances, die deflections and wear, 
shrinking or swelling of the part during sintering, and 
certain other causes. Low density pieces have greater 
variations than high density pieces. These are less with 
symmetrical than with asymmetrical parts. In general, 
a green briquette will expand slightly upon being 
ejected from the die, but may expand or shrink during 
the sintering process, depending upon the material and 
the initial density of pressing. When designing metal 
powder parts, distortion can often be offset by proper 
allowances in making punches and dies. 

Radial (side to side) tolerances of + 0.003 in. and 
axial (direction of pressing) tolerances of + 0.005 in. 


(Continued on page 226) 
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Wide-Bed High-Speed Press 


Automatic 175-ton press built to J.I.C. 
standards has variable-speed drive with 
remote control and tachometer cali- 
brated in strokes per min; top speed 
is 250 strokes per min. Driven by 50-hp 
adjustable-speed motor with built-in 
electric clutch. Reciprocating parts are 
counterbalanced by air cylinders. Re- 
mote panel designed to J.I.C. standards 
gives operator complete control of press. 
Brandes Press Company, Cleveland 





oe Clinical Model 
Centrifuge 


Driven by a_ universal 
motor at maximum 
speeds of 3200 rpm on 
a-c and 4300 rpm on d-c. 
Series rheostat mounted Portable Hair Dyer 
in base gives reduced 
speeds in seven steps. 
Guard bowl is drawn 
steel, finished in light- 





Separate switches for motor and 
heater are placed for one-hand con- 
trol; airflow is also adjustable. 
gray baked enamel. Self-aligning bearings are oil-im- 
sapiaihiaiiadt ‘imestocent pregnated copper-tin composition ; 
Company, Boston die-cast housing simplified design 
and reduced cost. 
Hamilton Beach Company, 











Racine, Wis. 
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New 300-0z molding press opens up new ap- 
plications for thermoplastics in appliances 
such as washing machines, refrigerators, radio 
and TV cabinets. With preplasticizing unit, 

Built by Watson-Stillman, Roselle, N. J. for Amos Molded Plastics, Edinburg, Ind. 





Office Copying Machine 


Makes low-cost direct positive 
copies from originals up to 1114 
in. wide using Diazo process. 
Operates from regular outlet; re- 
quires no installation. Driven by 
’6 hp motor through variable- 
speed drive; 940-watt arc lamp. 
Charles Bruning Company, Inc., New York 
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World’s Largest Thermoplasties Injection Molding Machine 


machine is 31 ft long; weighs 76 tons. Ca- 
pacity is 300 lb per hr; clamping force is 
1500 tons. Power requirements are supplied 
by a 90-hp motor. All controls are centralized. 






















‘No Hands”? Automatic Ironer 


Completely controlled by toe pressure, 
operators hands are free at all times. When 
foot pedal is pressed, shoe swings into 
ironing position and ironing surface raises 
against shoe. Has 300 sq in. ironing sur- 
face, 400 lb pressure is constant with vary- 
ing work thickness. Releases instantly if 
power fails. 
General Electric Company, Bridgeport, Conn. 
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High-Production 50-Ton Press 


Oil-hydraulic press in heavier capacity has a 
stroke of 15 in., 24 in. daylight, and a sur- 
face 31 by 20 in.; can be equipped as shown 
with a hydraulic index table synchronized 
with ram. Approach speed adjustable up to 
290 in. per min; separate adjustment for 
pressing speed. Reversal controlled by pres- 
sure or traverse. Motor-operated hydraulic 
unit is mounted in upper frame. 

Denison Engineering Company, Columbus, Ohio 





Cooking from a Wall Outlet 
















































Miniature range has interlocking three-heat 
switches to keep maximum load within outlet 
capacity. Broiler drawer at right under cast 
aluminium griddle. Top deck 22 in. long and 6 
in. deep is chrome-plated steel. 

The Swartzbaugh Manufacturing Company, Toledo 

















Professional Type 


Sound-Film Reeorder 





Magnesium alloy for base and structural castings give minimum weight (62 
ib) with maximum rigidity. Silent chain drive, operates in either direction. 
Optical system removable as a unit for bench checking; ammeter for exposure 
lamp current. Case 24 in. long is finished in two-tone umber gray. 





Radio Corporation of America, Camden, N. J. 
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Automatic Tapping 


Individual pushbutton sta- 
tions for each spindle ini- 
tiate an automatic air- 
operated tapping cycle 
which includes rapid ad- 
vance, followed by con- 
tinued travel controlled 
by lead of tap until a 
limit switch actuates air 
valve to raise spindle. 
Nut rises on tap shank 
until filled when spindle 
is stopped, tap is re- 
moved, and nuts. un- 
loaded. Tap sockets de- 
signed to permit removal 
with spindles rotating. 

Hill Acme Company, Cleveland 





Precision Laboratory Amplifier 


Redesigned audio amplifier has dynamic noise sup- 
pressor and flat response from 12 to 22,000 cycles; 
distortion is under 0.5 per cent at 20 watts. Auto- 
matic loudness control compensates for insensitive- 
hess of ear at low volume; gives constant apparent 
quality at all volume levels. Preamplifier with 500- 
cycle turnover is operated entirely on direct current. 
Herman Hosmer Scott, Inc., Cambridge, Mass. 
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Dryer with No Humidity Problem 


Instead of discharging moisture from clothes 
into atmosphere of room, this new dryer pumps 
it into drain. Water picked up from clothes by 
heated air is condensed by cold water spray; air 
is then recirculated past radiant heating unit into 
tumbling chamber. Lint is also discharged with 
water. Separate controls for time and tempera- 
ture settings. 


Hotpoint, Inc., Chicago 






































or field circuit or both from an adjustable-voltage 

electronic rectifier. The performance characteristics of 

such drives are comparable with drives involving d-c 

adjustable-voltage generators except for several special 
considerations to be discussed.* 

| Rectifiers of the grid-controlled type are most com- 

monly used in motor control systems. Hot-cathode 

thyraton rectifiers are generally used for armature 

power in ratings up to about 30 hp, while ignitron 

pool-type tubes are generally used in larger sizes. 

Several methods are used to control the grid circuits 

and thus to adjust the d-c output voltage. The effect 

of grid control on the output voltage is shown in Fig. 23. 


PEED CONTROL of d-c motors can be accom- 
plished by operation of the motor armature circuit 





* For other methods previously discussed in this series see ELECTRICAL 
MANUFACTURING, December 1950, page 70; and January 1951, page 98. 
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Fig. 23—Common types of electronic rectifiers and 
output voltage characteristics for d-c motor drives. 





The series is concluded with a quick review of drives supplied from 
adjustable-voltage electronic rectifiers, regulated control systems 


Several commonly used rectifier circuits for d-c 
motor drives are shown schematically in Fig. 23. It is 
apparent that the output voltage of the half-wave recti- 
fier is very irregular and has considerable ripple, while 
the diametric and three-phase units have considerably 
less ripple in the output voltage. In the case of the 
half-wave rectifier, even when firing full-on, the arma- 
ture current flows for only about half of the time. 
Therefore, for a given shaft load on the motor the 
armature current during the period when current is 
flowing is higher than it would be if a steady voltage 
were available, such as from a generator. This charac- 
teristic results in greater motor heating than would 
result on a steady d-c voltage. For such operation motors 
must therefore be carefully selected to be sure they will 
safely dissipate the additional heat. 

The half-wave rectifier is limited to fractional- 
horsepower sizes by the 
capacity of inexpensive 
standard tubes and by the 
motor heating problem. 
Additional motor heating is 
not as serious with the di- 
ametric and _ three-phase 
rectifiers, but some adjust- 
ment in motor frame size is 
usually necessary. With 
six-phase rectifiers addi- 
tional motor heating caused 
by the ripple voltage is 
usually negligible. 

Speed regulations of a 
d-c motor on a non-regu- 
lated rectifier is much 
greater than the _ speed 
regulation of the same mo- 
tor on a d-c generator. This 
results because of the dif- 
ference between the aver- 
r age d-c voltage output of a 
rectifier and the maximum 
or peak voltage as estab- 
lished by the power sup- 
ply. When the motor is 
running at full load the 
motor terminal voltage 


OUTPUT VOLTAGE 
WITH FIRING RETARDED 
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of various types, and finally a roundup discussion of the basic 


problem of matching drive characteristics to load requirements. 


will be the average d-c output of the rectifier as 
illustrated in Fig. 23. But if the motor is unloaded the 
terminal voltage will rise and will approach the maxi- 
mum or peak rectifier output voltage. In the case of 
a non-regulated 230-volt diametric (full-wave) recti- 
fier supplying a motor armature, for example, the volt- 
age will rise from 230 volts at full load to approximately 
360 volts at no load. Since the motor speed is propor- 
tional to its counter-emf, the speed regulation will be 
about 70 per cent as compared with about 20 per cent 
for a small drive using a motor-generator set. The 
regulation decreases as the number of rectifier phases 
is increased because the average full-load d-c voltage 
approaches the peak voltage. 

Actually most electronic motor drives include reg- 
ulators to adjust the grid circuits and thus compensate 
for the effective regulation in the rectifier, as well as 
for the JR drop in the motor. As a result the speed 
can be maintained precisely over a wide range in load. 

Rectifier tubes will pass current in one direction only. 
This characteristic limits their application on drives 
involving regenerative power and overhauling loads. 
In some drive applications, however, provisions can be 
made for loading resistor to be connected across the 
armature. In other cases it may be possible to arrange 
the rectifier circuits for inverting operation. 

Rectifiers are generally capable of operating motors 
over a wider speed range than generators because the 
rectifier voltage can be readily adjusted to zero, whereas 
the generator voltage is limited to its residual voltage 
unless a special bucking field circuit is used. 


Regulated Type Control Systems 


Regulating systems for maintaining the motor speed 
at a constant value are commonly used where the in- 
herent no-load to full-load speed regulation of a drive 
Without a speed regulator is too great for satisfactory 
performance. Speed regulators are usually incorporated 
in electronic motor control units and eddy-current type 
drives; also, they are often included with adjustable- 
voltage d-c drives. Although speed regulators are the 
most common type of regulators used with adjustable- 
speed drives, other types of regulators such as current 
regulators, voltage regulators, position regulators and 
others are also commonly used. Many systems include 
more than one regulator. 
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Any regulating circuit regardless of its function 
can be broken down into three subdivisions, as follows: 

1. A standard or reference. In most electrical regu- 
lators the standard is a voltage which varies with speed, 
current or whatever value is being regulated. 

2. A signal voltage which is proportional to the 
actual motor speed or any other value being regulated. 

3. A controlling means which is sensitive to the 
difference between the reference voltage and the signal 
voltage and which will control the output to keep that 
difference to a minimum. When the error which can be 
tolerated is small, the controlling means usually includes 
an amplifier of suitable gain.7 

Regulating systems may employ electronic tubes, 
rotating amplifiers, magnetic amplifiers, mechanical 
devices or a combination of several of these. A careful 
examination of any regulating system, however, will 
show that it can be readily understood if the three 
functions listed above are isolated and analyzed inde- 
pendently. As mentioned before, many systems employ 
more than one regulator. For example, a speed regulator 
may also employ a current-limit function. Both the 
speed regulator and the current-limit circuit are regu- 
lating circuits and therefore each contains the three 
subdivisions mentioned, although one or two of the 
three parts of the circuit are often common to both 
regulators. 

A simple regulating system for matching the speed 
of one conveyor to that of another is illustrated sche- 
matically in Fig. 24. Both amplidyne and electronic 
regulators are shown to indicate the similarity in the 
operation of the two systems. Magnetic amplifiers 
could also be used in such a system. Let us assume 
that the first conveyor is driven at an adjustable speed 
by a preceding machine. A d-c tachometer generator is 
driven by the first conveyor and generates a reference 
voltage proportional to the speed of the first conveyor. 
The second conveyor is driven by a d-c adjustable- 
voltage drive, which also drives a d-c tachometer gen- 
erator. The second tachometer generator generates 
a signal voltage that is proportional to the speed of 
the second conveyor. 

If the two tachometer generators are identical and if 
they are both driven at the same speed they will have 





+ See “Seven Basic Types of Servomechanisms,” by Richard Herst, 
ELECTRICAL MANUFACTURING, May 1950, page 90. 
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equal output voltages. Since the negative side of each 
generator is connected to a common point, the voltage 
input to the regulator under the conditions mentioned 
is zero. But if the speed of the conveyor No. 2 is 
slightly less than conveyor No. 1, there will be a 
slight voltage input to the regulator. With either type 
of regulator, a very small voltage input to the amplidyne 
control field or to the thyratron grid circuit is sufficient 
to excite the d-c generator field. 

The reference voltage can be changed in two ways: 
(1) The speed of conveyor No. 1 can be changed, or 
(2) the speed ratio control can be changed. Let us 
assume that the speed of conveyor No. 1 is increased. 
When this is done the voltage difference between the 
reference voltage and the speed signal voltage is in- 
creased momentarily and the control field or grid circuit 
excitation, as the case may be, is increased. This in- 
creases the generator field excitation and thereby in- 
creases the speed of conveyor No. 2 and hence its 
speed signal voltage. Conveyor No. 2 will speed up 
until the difference between the reference voltage and 
the speed signal voltage is just sufficient to provide the 
necessary generator excitation. 

The difference between the reference voltage and the 





Fig. 24—Simple regulating system for matching speeds of two conveyors using 
amplidyne or electronic regulators. 
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speed signal voltage that is necessary to control the 
generator field is the regulator error. The amount of 
voltage difference is determined by the amplification of 
the regulating system. In the systems shown the error 
over a 10-to-1 speed range will be in the range from 2 
to 4 per cent. Additional amplification can be added to 
reduce this if necessary.* A vacuum tube amplifier 
could be added to either system to reduce the error to as 
low as 0.1 per cent. 


Matching Drive to Load Requirements 

In the application of drives with speed control, con- 
sideration must be given to the load-torque require- 
ment over the speed range for which the drive is in- 
tended. In some drives the torque required increases as 
a function of the speed; in others the torque is the 
same at all running speeds; while in others it is 
higher at low speed than at high speed. Consideration 
must also be given to the inherent torque capacities 
of various drives to be sure that the drive used has 
adequate torque capacity to operate the driven machine 
under all speed and load conditions. In this connection 
it is important that the load characteristics of the ma- 
chine and the output characteristics of the drive match 
each other as nearly as pos- 
sible in order to obtain the 
most economical drive. 
While some of the speed- 
torque curves in the article 
show torque characteristics 
in excess of 100 per cent, it 
should be remembered that 
the machines are designed 
to handle continuously only 
those loads that require not 
more than: 100 per cent of 
rated torque (plus a service 
factor in some cases). Ex- 
cess torque is available in 
most cases on a momentary 
basis for acceleration and 
deceleration or for momen- 
tary overloads. 

Drives Requiring Less 
Than Constant Torque. A 
fan or blower is the most 
common example of a load 
requiring less than constant 
torque. The horsepower re- 
quired to drive a given fan 
is proportional to the cube 
of the speed. Consequently 
the torque required is pro- 
portional to the square of 
the speed. A fan drive must 
of course have sufficient 
torque to operate the fan at 
rated top speed. If a motor 
is selected to deliver ade- 
quate torque to the fan at 
rated top speed, it will in 
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*See ‘Designing Amplifiers for 
Servomechanisms,” by Richard Herst, 
ELECTRICAL MANUFACTURING, July 
1950, page 88. Also bibliography on 
servomechanisms, November 1950, 
page 184. 
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Fig. 25—Speed-torque requirements 
for three types of loads. 
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Fig. 26—Speed-horsepower requirements 
for various type loads. 





practically all cases have sufficient torque at reduced 
This statement will be generally true for any 
driven machine in which the torque increases as a 
function of the speed. This is quite apparent from 
‘igs. 25 and 26 in the case of the fan load, because the 
torque and horsepower drop very rapidly as the speed 
is decreased. 

Most motors have an inherent capacity to deliver con- 
stant torque over a speed range (limited by cooling 
requirements as mentioned earlier). They will therefore 
have more torque available than is required by fan 
loads at the lower speeds. Some multi speed a-c motors, 
however, are designed especially for loads of this type 
and are rated to deliver less torque on low speeds 
than on high speed. Other types of loads requiring less 
than constant torque include certain pumps and ex- 
truders. 

Drives Requiring Constant Torque. A large majority 
of machines require constant torque or nearly constant 
torque over the entire speed range. These include con- 
veyors, mixers, machine tools (except 
for cutting drives), cement kilns, continuous processing 
machines and many others. Practically all these drives 
merely overcome friction. Since friction is usually in- 
dependent of speed, the resulting motor load is con- 
stant torque. 

A “rule of thumb” test can be applied to determine 
if a load is approximately constant torque. To be con- 
stant torque the following conditions must hold true: 
(1) There must be no change in the torque-arm radius 
when the speed is changed ; (2) the machine character- 
istics must not be dependent on speed (such as a fan 
is); (3) the same type of work, with the same stock 
Weight, must be performed at all speeds, and (4) 
some cases the friction of a drive may be much greater 
than any work being done on material. In this case the 
friction characteristics will predominate and the load 
may be considered constant torque even though the 


speeds. 


squeeze rolls, 
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actual working load is not. 

The characteristics of constant-torque loads are shown 
in Figs. 25 and 26. In these figures the load is assumed 
to be 100 per cent of the motor rating and therefore 
the curves also show the rating limit of a constant- 
torque drive. 

Most a-c motor drives have a constant-torque charac- 
teristic, also d-c motors with fixed field. D-c motors 
with field control on the other hand have inherently a 
constant-horsepower characteristic. Often where d-c 
power is available, such motors are used to obtain speed 
adjustment on drives requiring only constant torque. 
In such an application the motor is fully loaded only 
at top speed, and at lower speeds the motor has more 
torque available than can be used. In other words, 
the motor is oversize. Because of the common usage of 
such motors on constant-torque loads, d-c motors of 
the so-called adjustable-speed type with speed adjust- 
ment by field control have a tapered horsepower rating 
rather than a constant horsepower rating. With the 
former rating, the available horsepower is less at full 
field than at weak field; therefore, these motors are 
not as much oversize at low speed as would be a motor 
rated strictly constant horsepower. 

Drives Requiring More Than Constant Torque are 
of several types. Machines which wind material such 
as wire, paper, cloth, steel and the like are often driven 
at the center of the roll. Such material is usually wound 
under tension. With a center-driven roll, the dia- 
ameter of the roll increases as the roll builds up. This 
means that the motor driving the roll must actually 
slow down even though the material speed is constant. 
Furthermore, since the distance from the center to 
the surface of the roll increases as the roll builds up, 
the torque required from the motor becomes greater 
if the material tension is to be held constant. If the 
material tension is maintained at a constant value and 

(Continued on page 230) 
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Wiring of panels 


of oil; wire cost and others, 

As a guide in wire selec- 
tion, Table I gives types, 
ratings and sizes of wire 
generally utilized on gener- 
al-purpose and machine-tool 
control panels. Several oth- 
er types of wire are avail- 
able but their use is limited 
almost entirely to Navy and 
other specialized controllers, 


| For main panel wiring, 
standard or solid tinned- 


Preceding article dealt with the physical lay- 
out of control panels. This concluding article 
discusses important considerations in designing 


wiring for both power and _ control 


H. F. LITTLEJOHN, JR. 


Application Engineer 
Ward Leonard Electric Company 


the panel layout, as discussed in the preceding 


A FTER selecting the components and designing 
article (1)* wiring of the components requires 


careful consideration. Selection of wire for intercon-. 


necting controller devices is based primarily on the 
following factors: current-carrying capacity required; 
duty cycle, whether continuous or intermittent ; ambient 
temperature ; type of circuit—power or control; special 
application conditions such as humidity and presence 


* Italic numerals in parentheses apply to references at end of article. 


Looped wire 


Staking lug 


Solder lug 


Pressure lug 


circuits. 





copper conductors insulated 

with “code” rubber, impreg- 

nated asbestos and_var- 

nished cambric or thermo- 

plastic compounds are rec- 

ommended, Stranded con- 

ductors though slightly more 

expensive than solid wire 

| should be specified where 
flexibility is necessary or 

where shock or vibration 

prevail. Extra flexible 

stranded wire. No. 16 or 18 

(having continuous - duty 

ratings of 6 and 3 amp re- 

—_—_— spectively) is recommended 
for wires running to door- 

mounted devices. Where 

higher current-carrying capacity is needed as in wiring 
to door-mounted field rheostats, No. 14 or larger should 
be used. Because solid wire retains its shape better 
after forming, it is preferred by some manufacturers 
particularly for pilot or control circuits. Choice of a 
solid or stranded wire in the larger sizes is determined 
mainly by the type of terminal connector desired. 
Stranded wiring on control panels is recommended 
practice in the Machine Tool Electrical Standards (2). 
Asbestos insulated wire should be used for connection 


Wire fo contro/ 
panel component 


/ 
y 


Incoming wire 


Insulating 
i panel 


Back of board wiring 


Fig. 1 (Left)—Four common methods of terminating power and control leads. Fig. 2 (Center)—Line and coil con- 

nections for external leads in this contactor are made with pressure lugs suitable for both solid and stranded wire 

Fig. 3 (Right)—For power circuit leads on insulating panels, terminal studs are convenient. Terminal blocks are 
more economical for control circuits. 
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Table I—Ampere Ratings of Wire* 














Paper 
Rubber, 14-6 Thermoplastic | 
Type R asbestos, | 
Type RW Type TA Asbestos Impregnated 
Size Type RU Rubber — Var-Cam asbestos, Asbestos 
AWG een Type RH Var-Cam Type AVA Type AI, 14-8 Type A, 14-8 
Thermoplastic Type V Type AVL Te AIA Type AA 
Type T, 14-4/0 eae ae 
| Type TW, 14-4/0 Asbestos 
Var-Cam 
Type AVB 
| 15 15 25 30 30 30 
12 20 20 30 35 40 40 
10 30 30 AO 45 50 55 
8 40 45 50 60 65 70 
6 55 65 70 80 85 95 
4 70 85 90 105 115 120 
3 80 100 105 120 130 145 
2 95 115 120 135 145 165 
1 110 130 140 160 170 190 
0 125 150 155 190 200 225 
00 145 75 185 215 230 250 
000 | 165 200 210 245 265 285 
0000 | 195 230 235 275 310 340 





* At 86F ambient. From National Electrical Code, 1947, Table 1. 


to resistance elements such as starting, speed regulating 
or dynamic braking resistors and high-current rheostats. 

For current ratings above 70 amp. (No. 4 wire), 
thought should be given to the possible use of round 
or flat copper bus. The decision to use copper bus bars 
should be governed by layout of the components and 
the most convenient conductor should be specified. 

Color Coding. For ease of circuit identification, es- 
pecially in the more involved circuits, color coding of 
line, load and control wiring within the controller is 
suggested. NEMA recommendations for color coding 
of industrial control are given in Table Il. These 
recommendations should apply when thermoplastic 
insulated wire is used and where color coding is 
specified. For applications where color coding is 
deemed unnecessary, all controller wiring must be 
plainly identified by labels, marking tags, terminal 
block marking strips or other means. 

Where external devices such as solenoids, brakes 
and similar devices are operated by the controller, 
the color code of the control wiring should be the 
same as the main control-circuit wiring. 

Wire Terminals. Four common types of wire termi- 
nals include: looped wire, staking lugs, solder lugs and 
pressure lugs, Fig. 1. Looped wire is the most popular 
method for terminating the ends of wire but not always 
the most economical. Where stranded wire is used, 
the loops must be thoroughly tinned to assure a good 
connection. Also, the loops should completely surround 
the terminal screw or stud, and looped in such a direc- 
tion that tightening the nut or screw does not tend 
to open the loop. On larger sizes of wire, and particu- 
larly on stranded conductors, lugs are often preferred 
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to looped wire because of the difficulty in bending the 
proper size loop. On smaller solid wires for control 
circuits looped wires are most useful. 

Staking lugs which are mechanically pressed or 
squeezed permanently on the wire are applicable to 
both solid and stranded conductors but are used 
primarily for stranded control and power circuit wire 
below 100 amp. (3) When staking lugs are used the 
manufacturers’ recommendation should be followed 
because the method of staking and tools required are 
not the same for all makes. (4) The proper lug size 
must be used for the wire involved, and consideration 
must also be given to the hole size in the lug. Insulation 
on the wire should be within % in. or preferably less 
of the back of the lug barrel. Staking lugs, and in some 
instances looped wire, are easier and faster methods 
to use than solder lugs. They are also recommended 





Table II—Color Coding of Industrial 
Control Wiring 
(Recommended NEMA Standard) 

















Color Circuits 
Black or | Line and load 
gray Power and motor 
Red Control (pilot) eg al 
Blue ned ~~ Control (pilot) 
Green ! Grounding conductor 
White Grounded neutral conductor 


























for use where vibration and shock are encountered. 

Solder lugs are generally specified for larger wire 
sizes and are seldom used for control wire connection. 
In fact, paragraph 4.1.6 of the Machine Tool Electrical 
Standards states, “Underwriters’ approved solderless 
connectors shall be used instead of solderlug types. (2) 
Both the wire and lug must be heated well above the 
melting point of the solder to prevent high resistance, 
cold soldered and rosin joints. Rosin flux is suggested 
for all soldered joints. Excessive flux deposits must 
be removed from contact surfaces of lugs. 

Pressure lugs can be attached with a screw driver, 
eliminating the need for special tools. Care should be 
taken to tighten the lug screw securely. Some control 
components, Fig. 1, are supplied with pressure lugs 
or solderless connectors for accommodating both solid 
and stranded wires. 

Wiring Systems. Complete wire data including the 
connectors required should be specified on the bill of 
material. For quantity production it is often advanta- 
geous to number each wire or bus bar on the wiring 
diagram. A wire data sheet can then be prepared 
listing size, length, color and connectors for all wires. 
To assure accuracy, wire length measurements should 
be taken directly from a sample control panel. The 
individual wires can be cut, equipped with connectors 
and preformed where necessary. Then, finished wires 
can be placed in stock ready for immediate assembly 
on the panel. 

Another useful system particularly on the larger 
multimotor control panels is the use of wire harnesses, 
or preformed groups of wires prepared prior to panel 
assembly and then set in place after all components 
have been mounted on the panel. Like the numbering 
system, harnesses should only be specified where the 
quantity of panels is sufficient to offset the additional 
costs of harness preparation. 

The Machine Tool Electrical Standards (2) in 
paragraph 2.7.2 provide that panel wires be supported 
mechanically where necessary to keep them in place. 
A wide assortment of rubber-insulated metal and 
plastics clamps and cleats are available for this pur- 





Fig. 4—Space is saved by mounting accessories and in- 

strumients on control panel doors, as in this floor- 

mounted controller for a motor-generator set. Meter 

panel is hinged at top; back panels are removable for 
access to starting resistors and wiring. 


100 
















Fig. 5—Typical master 
control station, above, 
has oiltight pushbuttons 
and selector’ switches 
for a grinder requiring 
controls conveniently 
placed for the operator. 
Panel at the right in- 
cludes rheostat’§ and 
tachometer indicator for 






motor speed control. 



































pose. The same paragraph also suggests that wherever 
possible wires should not be over one layer deep when 
run parallel. When flat single-layer wiring becomes 
impractical because of insufficient space or other reasons, 
wires should be grouped and tied or laced neatly with 
wax-impregnated cord. 

Additional precautions that must be observed in 
designing panel wiring include: 

Keep wires at least 1% in. from moving parts. 

Avoid running wires across sharp metal edges. 

Wires should not touch exposed parts of opposite 

polarity. 

4. Wires must not interfere with adjustment or 
replacement of components. 

5. Wiring should be as straight and as short as 
possible. 

6. Wires should not be spliced. 

Terminal Studs and Blocks, Adequate provisions 
must be made on the control panel for connection of 
all incoming wiring. On a simple manual or magnetic 
full-voltage starter, control and power leads are normally 
secured directly to the contactor and overload terminals. 
However, multiple-device control panels require the 
use of terminal blocks or terminal studs. Terminal 
blocks for both control and power circuit wiring are 
generally specified with metal control panels. 

Insulating panels may use either terminal blocks of 
terminal studs. Terminal studs, such as shown in 
Fig. 3, are particularly adaptable to power circuit leads 
while the smaller size terminal blocks are more ec0- 

(Continued on Page 222) 
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On-the-spot review and analysis of 1950 Annual Conference on 


Electrical Insulation reflects greater emphasis on practical in- 


terpretation of developments. High-temperature materials continue 


as leading topic; 


ALEX. 


actual need for fungus protection challenged. 


E. JAVITZ 


Associate Editor 
ELECTRICAL MANUFACTURING 


SHARPER emphasis than in previous years on 
A the more practical aspects of dielectric research 

marked the 19th Annual Meeting of the Con- 
ference on Electrical Insulation, held November 1 to 3, 
inclusive, at Pocono Manor, Pa. (1)* This was di- 
rectly owing to the grave international situation, and 
to the realization that the time-table for reaching re- 
search targets has to be speeded up. It is significant that 
in his invited paper, Prof. A. R. von Hippel, head of 


the M. I. T. Laboratory for Insulation Research, 
chose to discuss “Preparation for Defense,’ on the 
* Ttalic numerals in parentheses apply to references at end of article. 
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very practical level of military specifications. Significant, 
too, was the admonition by another speaker: “Let us 
not talk about a material without keeping in mind its 
ap plication.” 

A registration of some 200 represented a joining 
of mutual interests between the various workers in 
this field, ranging from fundamental scientist to field 
application engineer. The meeting was divided into three 
technical sessions and 12 round-table discussions. The 
latter, initiated at the 1948 meeting (2) have become a 
popular and rewarding feature. Since the discussion 
subjects are chosen on the basis of members’ recommen- 


Fig. 1 (Left)—Insulation resistance of extruded vinyl 
chloride insulation, also of vinyl chloride-cotton insulation, 
under three different conditions at 100 percent RH: (a) 
as received, no mold added; (6) mold added, no fumigant; 
(c) mold added and fumigated. Fig. 14 (Below)—In- 
sulation resistance between terminals mounted on _ high- 
grade paper-base phenolic laminate at 96 per cent RH 
under two conditions: (a) treated with fungicidal varnish; 
and (6) not treated. Note apparent ineffectiveness of 
varnish treatment. (Source: R. H. Luce, K. N. Mathes, respectively.) 
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dations made prior to the meeting, a listing (see Table 
I) affords a good indication of the current trends in 
dielectric research and development. 

Highlights of several round-table discussicns that 
showed the greatest concentration of practical con- 
clusions are summarized elsewhere in this article. 
The high-temperature organo and organo-inorgano 
insulating materials (paced by the fluorocarbons and 
the silicones) were again high in interest level. Sol- 
ventless casting resins for potting electronic sub- 
assemblies came newly into prominence—a definite 
reflection of preoccupation with military design prob- 
lems. (3) Analysis of actual design objectives in larger 
equipment, such as distribution transformers, attracted 
another good-sized round-table group. 

Formal sessions were devoted to symposia on In- 
sulation Applications; Dielectric Measurements; and 
Dielectric Properties of Matter. Abstracts of selected 
papers now follow, together with comment. As in the 
previous reviews in this series, the purpose is to 
present the essence of the conference and, to as great 
a degree as possible, to relate the interpretation of the 
proceedings to the daily problems of the product design 
engineer. The corollary purpose—and it too is an im- 
portant one—is to stimulate the design engineer’s 
thinking, to make him realize that dielectrics comprise 
probably the most dynamic field of materials we know 
today. To paraphrase a statement made in these pages 
a year ago, if the engineer falls into a rut in regard 








Table I—Highlights of Round-Table Discussion on High-Temperature Insulation* 


to dielectric materials, he falls into a rut, too, in his 
product design. 

Fungus growth as the chief culprit in the deteriora- 
tion of electrical properties of insulation was sharply 
challenged in a provocative paper, “The Effect of 
Moisture and Mold on the Electrical Properties of 
Electronic Hook-Up Wire Insulations,” by R. H. Luce, 
Department of Biology, Rensselaer Polytechnic Insti- 
tute and K. N. Mathes. Prof. Luce brought out the 
fact that the extensive use of lacquers and varnishes 
containing fungicidal coatings is the result of early 
investigation of this problem solely by cultural bio- 
logical techniques. (4) In the work reported by him 
(which had been carried on under Air Force and 
Signal Corps sponsorship) the problem has been func- 
tionally analyzed by means of electrical measurements. 
Dissipation factor and capacitance over a range of 
frequencies from 100 cps to 100 mc as well as d-c 
resistance of the hook-up wires have been measured 
under controlled biological conditions which separate 
the effects of moisture plus mold from the effects of 
motsture alone. (See Fig. 1.) 

Since the electrical properties along the surfaces of 
the insulation appeared considerably more sensitive to 
high humidity and mold growth than the volume prop- 
erties, only .the surface properties were discussed. 
Tests made were at 95 per cent and 100 per cent RH. 
To obtain sufficiently large surface capacitance, a con- 
centric helical electrode arrangement was used, although 









1. Teflon has definitely moved out 
of the pilot plant stage and into 
production. . . . Applications are 
being consolidated. . . . Fastest 
coming jobs are coated fabrics 
and extruded insulation. 











2. Progress reported on Teflon sus- 
pensoid enamel insulation for 
AWG No. 32 radio hook-up wire 
for the Signal Corps. . . . Many 
problems yet to be solved; no 
combination of processing temper- 
atures and treatments has as yet 
produced a Teflon coating as ho- 
mogenous as required. . .. Future 
needs: A polymer amenable to 
fabricating methods. 













3. Are tests used in government re- 
search and development contracts 
too severe in relation to commer- 
cial needs? This may be true, is 
the reply, but target is the de- 
velopment of the best possible 
product, for example, hook-up 
wire, and in so doing it may be 
necessary to pass by some ser- 
viceable but inferior types. 













4. Oxidation of conductor is contin- 
uing problem in Kel-F or Teflon 
enameled wire. . .. Best answer to 
date is silver-plating of copper; 
but some report that even this 
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* Since the round-table discussions are informal, no sources can be indicated. 
For highlights of other discussions see Tables II and III. Complete list 
of round-table subject groups: Fundamental 
Solids (also Electrets); Quality Evaluation of Dielectrics; Design Problems: 
Theories, Materials, Tests; Solventless Resins for Casting and Impregnating; 


Electric Properties of 


does not prevent failure through 
oxidation; one failure of Kel-F 
enameled wire cited at 190 C. 


. Corona isn’t as much of a factor in 


design as it should be. .. . Sili- 
cone-glass tape is better in corona 
resistance than Teflon-glass and 
silicone-rubber-glass. . . . But the 
answer to corona is to design the 
equipment so as to avoid or mini- 
mize corona. 


. Much work still needed in silicone 


molding compounds. Progress 
shown in mold release techniques, 
but still not much decrease in 
molding temperatures and long 
after-cure. . . . Newer resins, how- 
ever, are better in respect to cure 
time and adaptability to metal 
inserts. . Chief limitation of 
silicone moldings in normal use 
is low flexural strength. 


. Experimental silicone resins being 


investigated for low-pressure 
molding (30 psi); could be used 
with advantage for silicone lami- 
nate tubing. Such tubing 
needed for high-frequency coil 
forms dimensionally stable at 175 
C. . . . However, some sources 
indicate successful production of 
tubing under high pressures. . 


High-Temperature Organo- 
Measurements; Semiconductors; 
formance of Insulation; Dielectric Breakdown; Role of Dipoles in Organic 
Dielectrics; Ferroelectrics. 


10. 


Primary trouble: impurities creep- 
ing in during fabrication or al- 
ready present in impregnating 
resins. 


. Silicone-alkyd copolymers have 


been introduced for bonding glass- 
served magnet wire... . Al 
modification adds substantially to 
abrasion resistance but at some 
sacrifice of heat resistance (latter 
is function of the alkyd content). 
. . .» The new copolymers qualify 
as Class H insulation, but will 
craze somewhat more than straight 
silicones. 


. What is the actual importance of 


crazing in silicone film or coating? 
At low voltages crazing can exist 
without failure owing to the sili- 
cones’ inherent hydrophobic prop- 
erties. . . . But at high voltages, 
and particularly if contaminants 
are present, trouble can be ex- 
pected. Design is all-important. 


New Quinterra asbestos sheet en- 
tirely free from organic binders 
being developed. . . . Also in 
prospect a glass-cloth reinforced 
sheet, and other types impreg- 
nated with silicones, polyesters or 
phenolics. . . . Working toward 
magnet-wire tape. 


and Organo-Inorgano Insulation; Dielectric 


Ionic Losses in Dielectrics; Service Per- 
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Fig. 2—In this 100,000-kw generator Westinghouse em- 

ploys the recently developed Thermalastic polyester resin- 

impregnated mica-flake insulation, characterized by su- 

perior ability to withstand temperature changes at high 
operating levels. 


this is not typical of the configuration normally found 
in equipment. Here is a brief summary of Prof. Luce’s 
analysis of the effects of the test conditions: 

1. At low frequencies, surface dissipation factor and 
capacitance are markedly increased by exposure to 
high humidity (95 per cent RH). Dissipation factor 
ultimately decreases with increase in frequency. De- 
pending upon test condition and type of insulation, 
effect of moisture apparently disappears at some fre- 
quency between 100 ke and 1 mc. From 1 mc to 50 mc 
cycles no effect of moisture is apparent. (These observa- 
tions are invalid if there is water condensation on the 
surface. ) 

2. At 100 per cent RH decided increases in dissipa- 
tion factor and capacitance are obtained. (No differen- 
tiation has been made to date between effect of 
moisture and mold.) 

3. At 1 ke and 95 per cent RH large increases in 
dissipation factor and capacitance are noted with mois- 
ture alone; mold growth does result in additional 
change. 

4. Accidental surface contamination may result in 
large increase in surface dissipation factor and capaci- 
tance at 1 ke and 95 per cent RH; accidental con- 
tamination may obscure effect of mold growth. 

5. In contrast to d-c measurements, an acetate-rayon 
braid maintains a-c characteristics similar to those of 
extruded insulations. Cotton braid is inferior. Nylon 
jackets maintain superior a-c properties as compared 
to extruded vinyl insulation. Polyethylene is apparently 
more easily contaminated than other extruded insula- 
tions. 

Prof. Luce concluded, in part, that purely cultural 
biological methods of evaluating insulating surfaces are 
invalid. Electrical measurement under controlled bio- 
logical conditions differentiates between deterioration 
caused by moisture alone from that caused by moisture 
plus mold even when the mold growth is so slight 
as to be undetectable by the naked eye. 

Effect of lowered d-c shunting resistance produced 
by moisture and mold should be considered in design 
of circuits, but even braided wires may be used 
where low shunting resistance is allowable. Only her- 
metic sealing or potting provides the answer where 
very high-resistance circuits are involved. Cotton braids 
should be avoided in applications where high a-c im- 
pedance must be maintained. 

Incorporation of fungicides such as pentachlorophenol 
into lacquers on braids, and the incorporation of a 
mercury saccharinate and copper-8-quinolinolate into 
a vinyl insulation does not consistently prevent de- 
terioration of d-c resistance due to mold, even though 
visible growth is diminished. Incorporation of copper-8- 
quinolinolate into a vinyl insulation fails to prevent 
changes in dissipation factor and capacitance. 

Discussion from the floor underscored these addi- 
tional points: 
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1. There is great variation in characteristics of raw 
materials as received from producers; even in samples 
drawn from the same batch. This, too, was true for 
such dielectrically superior materials as polystyrene 
and polyethylene, with the variations becoming more 
marked as the dielectric values move higher. 

2. Manufacturing problems in the application of 
insulating materials bring in imponderables, such as 
the contamination and mold growth caused by ordinary 
handling, organisms from water, and by other im- 
purities. 

3. Insufficient attention is paid to surface resistivities 
in the evaluation of insulating materials; polyethylene, 
for example, seems to have surprisingly unstable sur- 
face characteristics. 


Effect of fungus on electrical equipment was further 
highlighted in “Functional Evaluation of Varnishes 
Used in Spray Coating of Electronic Equipment,” by 
K. N. Mathes, General Electric Company, General 
Engineering and Consulting Laboratories. The elec- 
trical performance of fungicidal coatings was inves- 
tigated to determine and differentiate between the effects 
of fungus and moisture. It was Mr. Mathes’ conclusion 
that deterioration of electronic equipment caused by 
fungus has been overemphasized; but that electrical 
degradation caused by moisture alone is important, and 
is the principal factor. In any event, fungicidal varnish 
coatings “‘at best” were felt to be of “very limited pro- 
tection” at high humidities. (See Fig. 1A) Good mois- 
ture-resistant components offered a better method for 
protection ; also hermetic sealing or potting in suitable 
compounds may be necessary. 

Other conclusions by Mr. Mathes were: 


1. Electrical properties of intrinsic moisture-re- 
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sistant surfaces may be deteriorated by some varnish 
coatings. 

2. Fungus growth can reduce surface resistance 
to about 10 to 100 megohms per square at 96 per 
cent RH. In consequence, only surfaces which maintain 
high surface resistance are deteriorated by fungus 
growth. Even this deterioration is unimportant in most 
electronic equipment except when very high leakage 
resistance must be maintained. 

3. The effect of fungus growth on electrical resist- 
ance cannot be correlated with visual growth. Con- 
sequently, such visual criteria in present specifications 
are useless. 

4. None of the fungicides specified in JAN specifica- 
tions can be guaranteed to produce a fungicidal varnish. 
Even if the varnish is fungicidal its efficacy vanishes 
after 3 days at 85 C. 

5. Contaminants such as dirt, salt and wetting agents 
result in deterioration of electrical properties at high 
humidities. In fact, these contaminants may have a much 
greater and more rapid deteriorating effect than fungus 
growth alone. 


Floor discussion brought out the comment that fungus 
growth may lead to degradation other than electrical, 
such as structural weakness caused by corrosion of 
mechanical components in electronic equipment. It 
was Mr. Mathes’ feeling that such questions too need 
to be resolved by special investigations. 

Since spray coating of fungicidal varnishes is so 
widely specified in military specifications governing 
electronic and electrical equipment it was to be ex- 
pected that the provocative discussions by Prof. Luce 
and Mr. Mathes should arouse so much interest under 
present conditions. Off-the-floor comment however in- 
clined to the consensus that no early radical changes 
in military specifications were to be anticipated, even 
though the anti-fungicidal-coating school had many 
adherents within the Armed Services. 


Mica Insulation Highlighted 


The Symposium on Insulation Applications gave 
testimony to the perennial importance of mica insulation, 
since three papers dealt with this material. Kenneth 
G. Coutlee, Bell Telephone Laboratories, outlined a 
new and sensitive method for detecting dielectric losses 
in mica in a direction parallel to the plane of basal 
cleavage. These values were proposed as more sig- 
nificant of the electrical quality than the perpendicular 
values usually given in literature. Dissipation factor in 
mica is highly nonisotropic, Mr. Coutlee brought out, 
and while the perpendicular loss is related to the 
parallel loss, the latter is many times greater. This is 
true even in clear ruby mica. Entrapped or absorbed 
water in clear mica, and semiconducting mineral in- 
clusions in spotted mica, cause the excessive parallel 
losses. 

As developed by Bell Telephone Laboratories, this 
method is being proposed as an adjunct to the existing 
ASTM D-748 perpendicular method (originally de- 
veloped by the same source under the supervision of 
War Metallurgy Committee, National Research Coun- 
cil). Mica films as thin as 0.001 in. can be selected by 
this method on the basis of both parallel and perpen- 
dicular losses. Testing speed has been increased, since 
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the specimen is now placed on a multiple-grid electrode 
instead of being clamped between electrodes. 

Floor discussion called attention to fine surface checks 
or hair-like splitting as one of the worst, but little 
recognized, defects in mica. Water was cited as the 
main contaminant in mica, and impossible to remove 
even from the thinnest film. But there was some dif- 
ference in opinion regarding the actual severity of the 
effect of moisture or water. 

A comprehensive testing program covering a-c and 
d-c voltage endurance of several types of mica insulation 
used on machine windings was reported by Graham 
Lee Moses, Westinghouse Electric Corporation, A 
sufficient number of specimens were tested to allow 
statistical analysis of the results. Time-voltage relation- 
ship needed to produce dielectric failure was studied 
from a microsecond up to many months. 

Tests included continuous application of voltage, also 
repetitive testing with rest periods. Effects of repeti- 
tive applications of test voltage were studied on insula- 
tion materials as well as upon actual coils for high- 
voltage machines. Major conclusions were: 

1. A-c voltages that approach the ultimate dielectric 


Table II—Round-Table Discussion on Sol- 
ventless Resins for Casting and Impregnating 


1. Subassembly potting is essentially a means for 
mechanical protection of a group of associated com- 
ponents. In other words you “lock-in,” then 
plug in these components. . . . Main objectives are 
economy and increased reliability by making main- 
tenance both easier and cheaper. 


. Design gains from potting: (a) Space-factor gain 
through replacement or elimination of air space. (b) 
Components can be fixed in a known matrix to meet 
requirements of increasingly greater mechanical stres- 
ses and higher operating temperature. (c) Protection 
agains moisture, fungi, temperature and other en- 
vironmental conditions can “ provided. (d) Protec- 
tion against vibration and noise transmission. . . . 
Initial high cost of potting justified, since ultimate 
cost of operation is reduced. 


. Design factors to be weighed: (a) Aren’t we too hasty 
sometimes in deciding on a potted subassembly? 
Shouldn’t we first seek quality miniature and sub- 
miniature components that can be rigidly assembled 
by appropriate techniques. . . . Moreover in certain 
applications where saving in weight is paramount, 
wouldn’t potting be the last solution? . . . Another 
point: It’s necessary to de-rate potted components, 
since temperature dissipation in resin is less than in 
air. 


One purpose of casting or potting is to replace 
terminal strips or chassis needed to provide rigidity 
for assembly. . . . But when miniature subassemblies 
are carefully designed the chassis or terminal strips 
provide necessary rigidity with surprisingly little 
extra weight. . . . If moisture protection is essential, 
a hermetic can with glass seals may be the better 
answer. 


. What type of resin is used is not as important now 
as the techniques applied. . . . The user (product 
designer) has got to put in a lot of engineering and 
chemistry into the job; he has to work closely with 
the resin supplier; he has to learn to compromise 
his design requirements with the actualities of resin 
properties. 


. Criteria for properties in resins: Moisture vapor trans- 
mission; adhesion to leads; no cracking (shrinkage); 
good electrical properties; no corrosion; good heat 
transmission. 
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Fig. 3 


Fig. 3—Effect ot surface contamination on breakdown 
voltage and tracking voltage. Material: laminated glass- 
phenolic (GBG). Electrode spacing: 0.5 in. Surface 
moisture: 45 mg per sq in. Fig. 4—Accumulative dam- 
age to insulation resulting from application of a voltage 
275 per cent of tracking voltage. Material: laminated 
glass-silicone (GSG). Electrode spacing: 0.5 in. Surface 
moisture: 45 mg per sq in. Normal tracking voltage: 
510 volts. (Naval Research Laboratory.) 


strength of a mica insulation system are definitely 
damaging. 

2. Repetitive testing with alternating current at volt- 
ages far below the intrinsic short-time strength of the 
insulation produces cumulative damage with consequent 
reduction in dielectric strength. 

3. Continuous application of a-c voltages far below 
the short-time dielectric strength of insulation produces 
an observable reduction in strength. 

4. Repeated dielectric proof-testing of insuiation does 
not necessarily weed out the inferior specimens or 
change the probability of failure on repeated tests unless 
the samples failing are not typical of the lot. 

5. D-c strength of the mica insulation is considerably 
greater than the a-c (peak) strength except for very 
short times of voltage application. Ratio of d-c to a-c 
peak strength varies with time of voltage application 
and with different materials. 

6. Ratio of d-c to a-c test voltages for equal search- 
ing effect to detect serious mechanical damage in mica 
insulations was determined. 

7. D-c overpotential tests were found to be less 
damaging to mica insulation than a-c tests when both 
are the same percentage of the ultimate dielectric 
strength of the insulation. 

In another Westinghouse paper, L. J. Berberich and 
H. M. Philofsky presented a report on the “Application 
of Solventless Resins to High-Voltage Generator In- 
sulation,” which basically consists of mica flakes 
bonded with a suitable resinous binder. 

The paper explored some of the deficiencies of earlier 
mica insulations, tracing first the use of the relatively 
inflexible shellac-bonded insulation, then its replace- 
ment by mica tape bonded with a relatively flexible, 
and thus superior, asphaltic compound. This type of 
bond in effect allowed successive layers of the tape to 
slide over each other in a telescoping action and suc- 
cessfully accommodated differences in thermal expan- 
sion in the size and ratings of machines used. With in- 
creased size of generators and higher operating temp- 
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peratures, the elasticity in this insulation was insufficient 
to provide a restoring force in the falling part of the 
more exacting thermal cycle, thus causing a permanent 
migration of the insulation. 

A solventless resin of the linear polyester class which 
is copolymerized in place with a heat-reactive mono- 
meric resin forms the impregnant for the new type of 
insulation described in this paper. Since the resin is 
of low viscosity, it can be easily impregnated into the 
mica-tape structure at room temperature. The reaction 
(forming a cross-linked, thermosetting solid copoly- 
mer) occurs without formation of gaseous or liquid 
byproducts, thus making possible an almost complete 
filling of voids around the mica flakes. A new type of 
tape is used, in which the mica flakes are bonded with 
a special synthetic resin which holds the flakes in place 
without impairing the complete impregnation of the 
insulation. The entire insulation structure can be com- 
pletely impregnated in one step. 

Behavior of this insulation was investigated under 
severely accelerated temperature cycles, from about 15 
C to 150 C. Final tests were made on full-size coils 
in a section of a stator core 107 in. long. Permanent 
displacement was negligibly small and in no case were 
visible cracks observed. The older types of insulation 
showed considerable permanent displacement and 
cracks of sizable proportions appeared often. Voltage 
endurance tests showed that over the time range from 
10-* sec (impulse tests) to several thousand hours, 
the new insulation withstood considerably higher volt- 
age stresses than the older insulation. 

In summary, two outstanding advantages over the 
older insulation were cited: (a) Better physical and 
mechanical properties, attributable to the thermosetting 
and elastic characteristics of the new resin; and (b) 
dielectric strength and voltage endurance, attribut- 
able to the high degree of filling of the voids made 
possible by the solventless and heat-reactive nature 
of the resinous mica bond. 

A good basic review of some of the newer synthetic 
resins used in the electrical manufacturing field was 
given by W. M. Trigg of Westinghouse in an invited 
paper. Data on the high-temperature resins (silicones 
and fluorocarbons) have already appeared in consider- 
able detail in this publication. (5, 6) Also discussed 
by Mr. Trigg were the Fosterite class of solventless 
resins as used for encapsulating purposes and, in a 
photoelastic variant, as used for experimental stress 
analysis. The latter type, previously available only in 
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experimental quantities, was said to be now commerci- 
ally available. Both types of resins also were reviewed 
here in earlier issues. (7, 8) 

A wider use of liquid casting phenolic resins for 
making prototypes and short-run models was indicated 
by Mr. Trigg in his description of an improved tech- 
nique that makes it possible to produce cast parts to 
tolerances of 0.005 in. per in. This is comparable to 
tolerances obtained in  production-run compression 
molding. Method is as follows: pattern of required part 
is machined from a soft metal; then an unvulcanized 
rubber mold is formed from the pattern and cured at 
1000 psi. Neoprene has been used for this purpose. 
Flexibility of the mold makes it easier to remove molded 
part, and allows deep undercuts to be used without 
fear of damage to part or mold. 

In his paper “New Silicones for Electrical Appli- 
cations,” J. S. Hurley, Jr., General Electric Company 
Chemical Department, declared that with the growing 
knowledge of silicone chemistry and availability of 
improved processing, it has been possible to develop 
better silicones that now “look and behave like the 
resinous materials the industry has been used to 
handling,” and that appear to have overcome some of 


the disappointing limitations of the earlier types. 
Among the newer silicones, Mr. Hurley cited G-E 


Table I11—Summary of Round-Table Discus- 
sion on Design Problems (Theories, 
Materials, Tests) * 


1. Discussion covered (a) application of materials to 
motors, transformers, and associated power equip- 
ment, and (b) tests of most value to determine di- 
electric and voltage-creepage strength, detect corona, 
power factor, radio-influence voltage. . . . Importance 
stressed of evaluation on a “use” basis, i.e., in com- 
pleted machine. 


2. Recently introduced low power factor, low-loss lami- 
nates (paper or fabric base) are of much interest for 
terminal boards and as panels for tap changers in 
step voltage regulators, transformers, etc. . . . Power 
factor at 60 cycles (l-in. thick specimens) is 1.5 to 4 
per cent; blistering or delamination does not occur 
when subjected to 250 F continuously for 36 hr; 
voltage strength is 130 kv (specimens % to 1-in. 
thick, tested under oil, electrodes %-in. diam. spaced 
3% in.). 


8. Sixty-cycle power factor test made at 20 C before and 
after specimen subjected to 250 F. .. . Dielectric 
fatigue test called for exposure under continuous 
test voltage for at least 120 hr. Test-methods discus- 
sion aroused challenge to effectiveness of the 1-min 60- 
cycle voltage tests; is 1 min sufficient to determine 
conclusive parallel-to-lamination voltage? 


4. Evaluation factors to be considered: (a) Detection 
of corona in the depth (volume) as well as over the 
surface. (b) Use of electric-field mapping under im- 
pulse-voltage tests to determine conditions of max- 
imum voltage stress. (c) Correlation of tests on mate- 
rials alone with tests on completed insulation struc- 
tures. 


5. Other factors of importance: (a) Study of voltage 
breakdown characteristics of composite insulation 
structures in air and in oil. (b) Use of voltage-time 
curves; measurement of voltages of less than 1 
microsec duration; coordination of insulation when 
subjected to short-duration voltages. 


* Based on report by Melvin L. Manning, development engineer, 
Pennsylvania Transformer Co., who was the round-table discussion leader. 


silicone resin No. 81132 and 81247. The former is 
characterized by a combination of excellent dielectric 
properties with superior thermal stability and flexibilty, 
Applied to glass cloth, it wets the surface readily and 
can build up to an overall thickness of 7 to 8 mil on a 
3-mil base. It cures easily at elevated temperatures to 
provide a finished sheet or slit-tape insulation, or it can 
be recoated and reprocessed for a heavier build-up, 
without danger of damaging the undercoat by solvent 
action. Flexibility of the resin combined with its other 
characteristics suggest advantageous application for 
coating glass sleeving and tubing. Uniformity from batch 
to batch was described as unusually high. Lack of such 
uniformity has been a serious defect in silicones. Glass- 
cloth coated with this resin has been aged for periods 
as long as 30 days at 525 F, according to Mr. Hurley, 
and was found to retain dielectric strength of 2000 
vpm. 

Resin No. 81247 is a variant of No. 81132, developed 
to provide a faster drying cycle, especially useful for 
coating of glass-served wire. Actually, it cuts the 
drying time in about half, 10 to 20 min as against 30 
to 60 min at 250 C, depending on the application. 
Otherwise, the properties are about the same, except 
for a slight reduction in craze life at 250 C (more than 
21 days as against more than 30 days) and some sac- 
rifices in flexibility. 


Compatible Silicones Developed 


A compatible silicone resin (G-E No. 81182) opens 
up a whole new area of investigation leading to com- 
binations of the organo-inorgano silicone resins with 
certain organic resins. This resin is said to be com- 
patible with the alkyds, the urea formaldehydes, mela- 
mine formaldehydes, ethyl cellulose, chlorinated di- 
phenyl, and dioctyl phthalate. Limited compatibility 
was reported with the phenolics and with the vinyl 
copolymers. The resin is incompatible with chlorinated 
rubber, nitrocellulose, styrene, and methyl methacrylate. 
As Mr. Hurley pointed out, a combination of the best 
properties of the organic and silicone resins could 
provide a nearly ideal resin for insulation applications. 
It is thus possible to almost “tailor-make” modified 
silicone resins which have solvent resistance and abra- 
sion resistance approaching that of the organic ma- 
terials, and still maintain heat resistance far superior 
to the straight organic resins. Still other possibilities 
are heat-resistant resins at lower costs than the 
straight silicones, whose high costs have frequently pre- 
vented their use. 

Properties other than compatibility were also noted. 
For example, enamels formulated with this resin show 
a definite improvement in oil, gasoline and grease re- 
sistance over silicone resins previously available. Such 
enamels have been immersed in gasoline for 24 hr. 
with only slight attack and immediate recovery after 
removal. 

In the silicone rubber field, Mr. Hurley described 4 
recently announced compound (No. 81223) character- 
ized by improved elongation and better tensile strength, 
by short molding cycles, and by adaptability to easy 
fabricating methods for molding and extrusion (includ- 
ing wire insulation for high-temperature use). A report 
on properties and applications appears elsewhere in this 

(Continued on Page 208) 
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Fuses vs circuit breakers 


Each has its proper place although there 
are wide areas of application where either 
will serve as a circuit protector. There 
are limitations to each, particularly as 
regards motor protection. 


R. P. BALLOU 


Chief Engineer 
Howell Electric Motors Company 


HERE HAS BEEN so much written on the 

relative merits of fuses and circuit breakers— 

from a partisan standpoint—that the average 
application engineer who is not intimately connected 
with their design, testing, and operating characteristics 
may have real trouble in conscientiously selecting 
either one for a given application. The usual argu- 
ments almost always include the hazards of replacing 
fuses and the dangers of deliberate over-fusing on the 
one hand, and the lack of reliability and the slowness 
of tripping of circuit breakers on the other. 

The fuse is generally recognized as the faster 
tripping device, and from this depend many of the 
arguments both for and against fuses. Whether this 
slight edge in speed is an advantage or a disadvantage 
depends entirely on circumstances, and in many cases 
the advantage either way is so slight that it need not 
be seriously considered. There are a few applications 
where the circuit breaker is called for, and a few 
others where the fuse is indicated, but in between lies 
a vast territory open to both where the selection is 
made on the basis of convenience, appearance, first 
cost, upkeep, uniformity, or just the personal whim 
of the purchaser (see accompanying list). 

A circuit protective element such as a fuse or circuit 
breaker has two main purposes: one is to protect the 





Cireuit Protective Devices Have Many Points 
for Comparison 





Initial cost Sales appeal 
Convenience Safety 
Tamperproofness Adaptability 
Interchangeability Rupturing capacity 
Appearance Remote control 
Salvage or expansion Indication 
Speed of opening Simultaneous operation 
Available ratings Automatic reclosing 
Underwriters’ approval 





Why signal out just one item for comparison, such as 
speed of opening? 
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Machine tool control panel with door-interlocked discon- 
nect switch at upper left and beside it main line fuses 
and 115-volt control circuit fuses. 


conductors against sustained overcurrents of normal 
operating magnitude (such as might be created by 
operating too many lights at the same time) ; the other 
is to protect the conductors and certain apparatus 
from excessive currents such as would be produced by 
short circuits. Special applications have also been found 
for each device. Small fuses have been developed for 
the protection of delicate electrical instruments, and 
other fuses have been developed as current limitors. 
Circuit breakers have had notable acceptance as a dis- 
connecting means, and they have been developed with 
numerous electrical and mechanical auxiliary attach- 
ments to make them suitable for remote control, 
signalling, and motor control. While such features 
may dictate the selection in some cases, they should 
not be permitted to influence the appraisal of the 
relative merits of the fuse and circuit breaker in its 
basic application as a circuit protective element. 
Circuits vary widely in their electrical characteristics 
and hence in the type of overcurrent protection re- 
quired. Transmission or large distribution circuits may 
carry close to full capacity currents almost continuously 
or in accordance with a recognized time pattern. On 
such a circuit a sudden increase of as much as 10 per 
cent may indicate a fault such as an uncleared short 
on a subdivision of the circuit. This requires tripping 
of the circuit breaker promptly. On the other extreme 
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tungsten lamp loads draw from 9 to 14 times full-load 
current for a fraction of a second, and motors when 
starting draw from 5 to 10 times full-load current for 
several seconds and may operate at as much as 25 
per cent overload for an hour or more. In the home a 
defective radio may draw less current than a toaster 
and a lamp cord with a shorted strand may burn out 
the strand and not the fuse. 

Because home applications are familiar to everyone 
certain comments on overcurrent protection in the 
home should be considered before overcurrent pro- 
tection in industry. The primary purpose of the branch 
circuit fuse or circuit breaker is the protection of con- 
ductors and certain apparatus from the damaging 
effects of sustained overloads or short circuits. These 
devices do not protect appliances such as toasters, 
electric irons, coffee makers, vacuum cleaners, lamps, 
etc. Such appliances can wear out, or be physically 
damaged and in such a condition may constitute a fire 
hazard as well as a hazard by electric shock. Fuses 
and breakers offer a limited protection against fire 
from such devices by opening the circuit in the event 
of a short or very heavy overload, but they are designed 
to pass values of current for normal use which can 
be exceedingly dangerous if improperly used. Neither 
device can distinguish between proper and improper 
use, unless the current exceeds a predetermined value, 
and stays there in excess of a predetermined time.* 

The essential difference between home and industrial 
application is that in the latter there are more branch 
circuits with a correspondingly greater opportunity 
to select the type of overcurrent protection best suited 
to an individual branch circuit. Many of them are 
built into the control panel for the industrial equipment. 

For motor branch circuits either fuses or a circuit 
breaker may be used as the circuit overcurrent pro- 
tective device. The fuse trips too fast to make it satis- 
factory for motor overcurrent protection, even if it 
were manufactured in small enough increments. A 15- 
amp plug fuse would be good overload protection for 
a 12-amp motor, but starting the motor across the line 
would blow the fuse. A 15-amp circuit breaker would 
be good overload protection for a 12-amp motor, but 
would also have adequate thermal capacity to start the 
average motor. However, circuit breakers do not have 
ratings in sufficiently small increments to protect motors 
below 100 amp except in special cases. Because of this, 
motor overcurrent protection is usually provided by a 





* Overcurrent relays that operate on ground current, current un- 
balance, or rate of current rise are special devices. 


Comparison of Fuse and Circuit Breaker 
Characteristics 


Circuit Breaker Fuse 
Too slow for current limiting Too fast for motor protection 
High first cost Low first cost 
Low operating cost High replacement cost 
Destroyed by test 
Rating changeable 
Can be “jumpered”’ 
Individual trip 
Inconvenient to replace 
Sometimes hazardous to replace 


Operation may be tested 
Rating changeable 
Tamperproof 
Simultaneous trip 
Convenient to reset 

Safe to reset 

Attractive Compact 


Slow on some overloads Fast on short circuits 





Qualitative operating curves 
for fuses and circuit breakers, 
showing that relative tripping 
times may be determined by 
the value of the test current. 
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special overload relay which has a long time delay and 
is frequently a part of the motor starter. Except in 
the larger sizes it is usually a thermal device with 
interchangeable heaters to provide the proper rating 
to protect the motor. 

Hence in most cases neither the fuse nor the circuit 
breaker is used to provide motor overload protection. 
Many small portable or manually started motors have 
no overload protection.* When protection is provided, 
the branch circuit fuses may exceed the size normally 
required for the protection of the conductors if there is 
no other load on the circuit. Then the overload relay of 
the motor starter (usually a thermal device except for 
very large motors) has the dual job of protecting both 
the motor and the branch circuit conductors from 
operating overloads, while backup protection against 
short circuits is obtained by a thermal circuit breaker 
or fuse rated at about three times—and never 
more than four times—the full-load motor current. 
The breaker or fuse protects the overload relay heaters 
from damage from short circuit, not by limiting the 
current, but by interrupting the circuit before the 
thermal capacity of the heater is exceeded. The thermal 
overload relay so used is one of the few pieces of 
apparatus referred to earlier as being protected by the 
branch circuit fuse or breaker. But note that even here 
it is protected only from burnout due to short circuit. 
The fuse provides no protection against mechanical 
damage or electrical failure associated therewith, no 
matter how serious such failure might be. 

Reference was made to backup protection by 4 
thermal circuit breaker. This breaker may also include 
magnetic trip to speed up its operation on short circuits, 
and in some cases it may be replaced by a magnetic 
breaker. However, it is usually felt that, on account 
of the inrush current, a straight instantaneous-trip 
breaker must be set too high to properly protect the 
circuit. This generalization is subject to argument. 





* The statement in the National Electric Code that certain motors 
are “assumed protected” by the branch circuit fuse or breaker is just 
one way of saying that actual protection is not required. 
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Selection Chart of Protective Devices for Various Classes of Circuits 
(For Average Conditions) 








Fuse 
(Regular or time lag) 


Service protection, below 1200 amp A 
Service protection, below 200 amp 
Feeder circuits, general 

Motor branch circuits, above 100 amp 
Motor branch circuits, below 100 amp 
Motor overcurrent protection 

M-G sets, a-c motors 

D-c generators 

Torque motors, valve control 
Lighting circuits, tungsten lamps 
Lighting circuits, fluorescent 

Heating circuits, other than lamp 
Heating circuits, lamp 

Electric furnaces, resistance type 
Electric furnaces, induction type 
Tube rectifier circuits 

Dry disk rectifier circuits 

Instrument protection 

Laboratory test circuits 

Signal and alarm circuits 

Lighting and appliance branch circuits 
Electric toys 


rrrrr FP rrr rrr rer Per pP 


Key: A—Acceptable in most cases. B—Acceptable in most cases and frequently advantageous due to special requirements. 


Thermal or thermal- Instantaneous trip 
magnetic breaker circuit breaker 

B 
A 
B 
B 
B 
A 
A 

B 
B 
B 
A A 
A A 
A 
B B 
B 

B 
A 

A 
A B 
A A 
A 
B A 





However, a magnetic breaker is usually provided with 
a dashpot and has a lower rating when intended for 
motor circuit use. 

One of the most common arguments on behalf of 
the fuse is that it trips faster than the circuit breaker. 
A careful analysis of the method by which each device 
functions will throw some interesting light on this 
point. A thermal tripping mechanism like a circuit 
breaker has an inverse time characteristic similar to 
a fuse. It can be made faster or slower than a fuse 
according to its intended application. When the time 
becomes exceedingly small, as for example on short 
circuit when there is no purposely included delay, the 
operating time of the breaker is determined almost 
entirely by the inertia of the moving parts and the 
spring forces that actuate them after they have been 
released by the tripping mechanism. Thus after the 
current through the breaker reaches a certain value 
the tripping time becomes nearly constant and is not 
made any faster by a higher current through the 
breaker. In fact with higher currents the rupturing 
time may actually increase due to the arc lasting 
longer. Large circuit breakers are frequently rated in 
the number of cycles required to extinguish the arc. 

On the other hand the ordinary fuse is strictly a 
thermal device, with no mechanical element to intro- 
duce a constant time delay. The greater the current, 
the greater the heating and the quicker the link melts. 
The tripping curves for fuses and breakers will have 
different shapes (see chart). It is very likely that 
they will cross. In fact, it is quite possible for them 
to cross twice, so that the fuse is faster at very low 
currents and at very high currents, and the breaker is 
faster at intermediate values of current. 

Hence, it is obvious that a demonstration could 
easily be set up to show that either the fuse or 
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breaker was the faster device. Since the rapid clearing 
of a short circuit is usually considered advantageous, 
witnesses to such a demonstration are very likely to con- 
clude that the winner of the race is the more desirable 
device. This is only true when the value of the short 
circuit currents likely to be encountered fall in the 
range of those used for the test. Such coincidence 
should never be assumed. If important in any instance, 
the value of likely short circuit currents should be 
calculated. At low values of current the thermal 
capacity of associated circuits may be so great that a 
difference in rupturing times of two to one, or even 
more, between comparative circuit protective elements 
may be of no consequence at all. 

If two protective elements are tested in the same 
circuit at the same time, it is possible for both of them 
to operate and assist in opening the circuit. Or both may 
trip but only one actually open the circuit. The more 
nearly identical the two devices are, mechanically and 
electrically, the more likely it is that they will both 
operate on the same test. But fuses and breakers differ 
very considerably, and if on a given test one operates 
and interrupts the circuit, it is no indication of failure 
or inferiority if the other does not operate at all. 

Neither is it any indication of inferiority if a breaker 
does not trip on a short circuit current which is inter- 
rupted by a fuse having a greater nominal rating than 
the breaker. The rating is the continuous current-carry- 
ing capacity of the device and its speed of operation is 
only indirectly associated with this rating. It is quite 
possible to select a value of current that will blow a 
30-amp fuse and not trip a 15-amp breaker in series 
therewith. There is another value of current that will 
trip the breaker and not blow the fuse. Currents in the 
latter range may, or may not, be more commonly met 

(Continued on page 228) 
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Rapid Finder for Microfilm 


Projector stores 480 microfilm records, with 
any record accessible in a few seconds by one- 
hand operation; obsolete records are readily 
replaced. 

D. A. SCHULMAN 


Development and Research Department 
Western Union Telegraph Company 


N SWITCHING telegrams from an incoming to an 

outgoing circuit at a central Western Union office, 
clerks select the routing from a rack of about 100 
leaves, shown overhead in Fig. 1. Each leaf is a pivoted 
aluminum plate carrying information inserted on cards 
or printed strips. Studies of new switching systems for 
large terminal offices brought to light needs for more 
routing leaves than could be conveniently or econom- 
ically handled by this rack design. 

Commercial filing systems were investigated but none 
was acceptable. Microfilm projectors were unsuitable 
because standard indexing systems were inexact in 
rapid use, frame replacement was undesirably complex, 
and the film was subject to excessive wear. However, 
a microfilm projector specifically designed to overcome 
these drawbacks offered a simple, compact and inex- 
pensive routing aid. Development of the “route chart 
projector” was accordingly begun. 

In reel projectors, continuous rewinding of the film 
upon itself results in emulsion wear and the need for 
early film replacement. To eliminate wear, the film was 
accordingly cut into strips, each carrying 10 positive 
double-size frames. Each strip was inserted into a spe- 
cial guide in the manner shown in Fig. 2. In all, 48 
such film holders were required. They were mounted 
with the aid of standard attachments between two roller 


Fig. 2—In the new microfilm projector developed by 
Western Union information on each leaf is placed on mi- 
crofilm, ten pages to a holder. 
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Fig. 1—Routing information for switching telegrams at 

a central office is stored on aluminum leaves with identi- 

fying tabs. In larger offices, more leaves are required 
than can be readily handled by this method. 


chains to form a closed belt, as seen in Fig. 3, and the 
chain looped over two standard sprockets. (Some of the 
film holders are removed to show the projector lamp 
mounted inside the loop.) Rotation of the index drum 
causes the geared sprockets to rotate the film belt, with 


Fig. 3—Microfilm holders are then inserted in a chain 
carrier by which any desired holder may be brought over 
the projection lamp. By sliding the carrier any page on 
the strip may be selected. 
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one revolution of the index drum corresponding to one 
revolution of the film belt. 

Sprockets, film belt and index drum all are mounted 
on a frame made of rectangular tubing. This frame is 
free to roll along two rods which support its weight and 
which pass through its side pieces. Thus, the frame 
may be rolled forward and back simply by moving 
the index drum. 

Lamp and condenser assembly of the optical system 
is mounted on a fixed bracket which is located inside 
the belt loop. The source is a 100-watt Western Union 
Pointare zirconium lamp,* selected for its high optical 
efficiency and low maintenance. With a rated life of 
1000 hr, approximately 20 times greater than for fila- 
ment projector lamps, it is estimated lamps will require 
replacement no more than one to three times yearly, 
depending on class of service. The DeVry optical con- 
denser assembly, mounted over the lamp, has a 1-in. 
focal length. 

Spanning the film belt is a sturdy fixture holding the 
objective assembly—a 26-mm focal length, F2 projec- 
tion Ektar lens—and a front-surface mirror. A small 
brass bracket mounted centrally on the under side of 
the fixture is cut out to mask the projected image. In- 





*See “Design of Zirconium Arc Lamp,” November 1949, ELectricaL 
MANUFACTURING, p. 104 





Fig. 4—One-hand operation brings any one of 480 pages 
= view on the screen in less than 4 sec. Other applica- 
tions are suggested for frequently used reference data. 
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Rapid Finder for Microfilm 
Tester for Instrument Pivot Bearings 
Infra-Red Cooking 
Extending Life of Electron Tubes 
Production of Electric Home Heaters 
Simplified Meter Mounting 
How Single-Phase Motors Run 
Bonding Fins to Stainless Tubing 


Military Targets and Design 
Requirements 


Gear Data Recorder Uses Synchros 
Molding Glass-Reinforced Plastics 
Toothed Belt Drives Without Slip 


And other new ideas and 
developments of interest 





side the bracket are fastened two small alnico magnets. 
When a given frame is in position to be projected, these 
magnets attract the steel film holder upward so that 
consistent location against the fixed brass mask results. 
In this manner the film is always positioned accurately 
for sharp projected images. The projection screen, 
made by American Optical Company, is mounted in the 
hinged upper cover as seen in Fig. 4. 

To view any one of the 480 frames contained in this 
projector, it is only necessary to rotate and translate 
the film belt through manipulation of the index drum 
until the desired frame is located on the axis of the 
optical system. Selection is not difficult since each rec- 
tangle on the drum is lettered to designate a particular 
microfilm frame. When aligned with an arrow just 
above the index drum, every rectangle on the index 
drum brings its corresponding frame to the axis of the 
optical system. 

Should it be desired to replace microfilm informa- 
tion, the film holder containing the obsolete film strip 
is removed and another holder is snapped into place. 

Information formerly located on the tab for each leaf 
is compactly located on the index drum. When the tab 
is positioned at the stationary arrow marker, the clerk 
merely shifts attention from the index drum to the 
screen to view the corresponding page of informa- 
tion. 

With the index drum separated from the projector 
and linked by remote control, and with increased lamp 
wattage and screen size, there are potential applications 
in other fields. For example, as a lecturing or teaching 
aid the unit could act as a high-capacity fast-acting slide 
projector capable of selecting frames in and out of 
sequence, and without fumbling. A longer focal length 
lens could easily adapt the unit to long-throw projec- 
tion on a reflecting screen. Applied to training person- 
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nel in the recognition of objects, the large capacity, 
speed of frame selection, and freedom from frame se- 
quence limitations, are strongly appreciated. In place 
of heavy catalogs, price books, directories and inven- 
tory records, centrally located projectors could be re- 
motely controlled by many index drums placed through- 
out the work area. Elimination of frequent walks to 
and from catalogs by personnel should in many cases 
effect substantial increases in efficiency. In these ap- 
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plications, the preservation afforded records against 
soiling, loss, damage, or wear may be of considerable 
interest and benefit. 

Consideration of any projector for such use is ob- 
vious. Travel bureaus utilizing it could have instantly 
available many hundreds of natural color photographs, 
Model agencies might use the projector for easy refer- 
ence according to size, characteristics or talents, allot- 
ting desired number of frames for each model. OOO 


Tester for Instrument Pivot Bearings 


Voltage required to start a tiny induction 
motor is used as a measure of starting fric- 
tion in precision, instrument ball bearings. 


THOMAS BARISH 
Consulting Engineer 
Cleveland 


RICTION is the most important performance 

characteristic of ball-bearing pivots widely used on 
gyroscopes, autopilots, synchros and other indicating 
instruments. Usually starting friction must be held to 
a definite maximum and occasionally friction while 
rotating slowly must also be limited. In practically all 
other industrial applications, ball bearing friction is 
small enough to be negligible. 

It is vitally important to be able to check the friction 
of a bearing before it is put in an instrument. In some 
gyroscopes, as much as 50 man-hr of work are lost 
if after the instrument is assembled it is discovered that 
the bearing has too much friction. 

Ball bearing starting friction consists of three dis- 
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Cross-section of mounting for test bearing. 


Bearing tester with brush-type autotransformer for step- 
ping up voltage on tester motor. 


tinguishable elements: First there is the friction be 
tween the ball and the race. This is fairly steady and 
quite low. Second is the ball-to-ball or ball-to-cage frie- 
tion which is very erratic and usually the largest ele- 
ment. Third is the friction from foreign matter parti- 
cles. This differs from cage friction because it is 
“sticky” or sudden whereas cage friction usually has a 
gradual build up, releases on reversal, and repeats in 
either direction. Also frequent rewashing will not re- 
move it. 

Total starting friction is so small and frequently so 
erratic that measuring it becomes a difficult problem. 
At least a dozen mechanical devices have been designed 
and built for this purpose, most of them not very suc- 
cessful because they include delicate elements like a 
hair spring or a fine torsion wire for measuring the 
friction. Also there is the second bearing on the test 
shaft and inertia effects. 

During the past few years, three electrical machines 
have been developed which eliminate most of these 
difficulties. One machine designed by General Electric 
should prove quite valuable for research work because 
it makes an actual photograph of the bearing resistance 
and all its variations while rotating very slowly. The 
patterns repeat with surprising accuracy and should 
permit analysis of the individual friction elements. 
Second is a machine developed by New Departure 
which measures and records the total friction; it may 
be more useful for actual production work. 
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Closeup of head of bearing tester showing load shaft 
(and motor rotor) extending through bearing ready for 
snap-on knurled fitting. 


The third machine, illustrated in this article, was de- 
veloped by Lear, Inc. of Grand Rapids primarily 
for production checking of pivot ball bearings for 
instruments. It is made to measure the one thing that 
matters in a gyroscope, the actual starting resistance 
at all points in the circle. 

The test bearing is supported in the upper part of 
the frame (see illustrations) and carries a long thin 
weight. There is no other bearing or rubbing contact. 
(The other machines used a jewel bearing for a second 
support.) The cone at the bottom of the weight clears 
the frame by 46 in. and serves as a rest while loading 
and as an emergency stop in handling. Since there is 


only one bearing, alignment requires accurate leveling 
of the machine by the thumb screws and the two spirit- 
levels. The weight is made long and thin to minimize 
inertia effects which might tend to carry through 
“sticking” points in the bearing. 





Do. 








Oil volume was cut from 6900 gal to 3900 gal by 
a shaped tank instead of a conventional cylindri- 
eal housing in this Westinghouse 230-kv circuit 
breaker, shown here on the test floor. 
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Infra-red cooking in domestic ranges is now of- 
ered through the use of 1250-watt gold-reflector 
heat lamps employing a new type of heat-resistant 
glass. Advantages suggested by Sylvania Electric, 
maker of lamps, include faster heating, easier clean- 
ing, smooth cooking surface. 





The quickly detachable collar at the top has a long 
seat on the shaft to assure exact squareness of the 
shoulder resting against the inner race of the test 
bearing. The small Lear induction motor supplies the 
torque. Its rotor is a thin copper sleeve pressed on the 
shaft, giving a uniform torque. 


Operation is as follows: The thoroughly washed 
bearing is immediately placed in the torque tester. Then 
the operator gradually increases the voltage by the 
hand-controlled stepless auto-transformer until the bear- 
ing breaks loose. The voltmeter reading indicates the 
break-away torque. 

An automatic timer then takes over, turning the cur- 
rent on for approximately every half-second. Each 
pulse just starts the bearing and at approximately the 
same voltage. The time interval is long enough for the 
bearing to come to a complete stop after each pulse be- 
fore it is started again. 

This action is allowed to continue for a revolution 
or two until assured there are no “sticking” points or 
“windup.” Then rotation is reversed (bat-handle 
switch next to voltmeter) and the bearing is pulsed 
for another revolution or two in the opposite direction. 
Due to minor eccentricities the motor pulls the weight 
slightly sideways but not enough to hit the stop at the 
bottom. The weight rights itself before the next pulse. 
The side movement does not seem to affect the accu- 
racy of the reading. 

A satisfactory correlation has been established be- 
tween bearings passing this test and bearings that are 
satisfactory in the gyroscope afterwards. In production, 
bearings passing this test were uniformly acceptable, or 
else an adequate reason was found for their trouble out- 
side of the testing machine indication. 

Another version of the machine is being designed to 
eliminate as much of the human element as possible. 
The voltage is to be increased at the start automatically 
until the bearing starts. Then pulsing at this same 
voltage takes place. A study is also being made for pure 
radial loading of the test bearing but this will prob- 
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ably not be necessary because the present machine with 
pure axial or thrust loading adequately checks bearings 
for use under radial or combined loads. 

It is hoped that this machine or one of the others or a 
combination of the best features can be adopted as an 


Using tubes below their ratings is one way: 
another is the use of protective devices and 
more consideration for reliability. 


D. D. KNOWLES 
Manager, Electronics Engineering Department 
Westinghouse Electric Corporation 
Bloomfield, N. J. 


ROBABLY electron tubes depend for their oper- 

ation on more little-understood factors than any 
other product in mass production. Many field trou- 
bles with electronic tubes come under one or more 
of the following categories: (1) the use of tubes when 
some other device would be more suitable, (2) failure 
to select the best tube for the job, (3) failure to oper- 
ate the tube at or below its ratings, and (4) engineer- 





This section from a heating and cooling coil shows 
how the Trane Company of La Crosse, Wis., bonds 
thin-wall stainless tubing to fins. The joint is purely 
mechanical, with no welding or soldering used in 
the assembly. Flat plate-type fins of stainless steel 
are stamped and belled, forming a bonding collar 
at each opening with a broad, flat surface in con- 
tact with the tube. A tool steel bullet, propelled 
by compressed gas, is forced through the tube, 
expanding it uniformly against the fins. Resulting 
mechanical bond withstands repeated expansion 
and contraction caused by heating and cooling 
cycles. To meet the exacting requirements involved 
in this expansion method, tubing is supplied by 
Carpenter Steel to tolerances considerably closer 
than standard. 
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industry standard in order to facilitate production and 
coordinate the tests made at the bearing company and 
by the users. So far the machine has proved highly 
valuable in eliminating expensive tear downs of gyro- 
scopes and assuring consistent bearing. oaaq 


Eleetron Tubes 


ing errors in the design of the circuit and inadequate 
protective devices.* 

Thus equipment engineers can do much to improve 
reliability of electronic devices. The first questions to 
ask are: “Is a tube needed and if so, why? What will 
be the consequences of a tube failure?” A tube failure 
in a radio receiver is an inconvenience, but does no real 
damage. But where failure can mean actual loss of 
property or life serious consideration of alternate meth- 
ods and the selection of the most reliable solution are 
called for. Many gradations exist between these two 
extremes. Electronic devices are used in certain railway 
signalling systems, for example, but are so designed 
that any conceivable type of tube fault results in a 
“safe” failure. 

Electronic apparatus is used for rectification, spot 
and seam welding, induction and dielectric heating, and 
other manufacturing processes where it is in competi- 
tion with other methods. The consequences of a failure 
are usually no greater than the interruption of produc- 
tion that occurs during shutdown. In deciding the eco- 
nomics of the various methods, the frequency and dura- 
tion of shutdown must be considered to intelligently 
decide whether to use tubes or not. This involves tube 
life, ease of replacement, and other circuit design and 
maintenance considerations. 

In the long run the rate of tube failure follows the 
usual probability curve. Most failures occur close to the 
average life expectancy but a certain percentage happen 
before or after that time, and some tubes fail early in 
life. If the consequences of failure are serious then 
tubes should not be used. 

Commercial warranties are not an indication of life 
expectancy any more than a 90-day guarantee on an 
automobile. The technical data sheet alone is not 
enough because, of several tube types possessing ap- 
proximately the same ratings, one may be designed for 
500-hr. average life, another for 5000 or perhaps 10,000 
hr. Tube manufacturers are loathe to commit them- 
selves on tube life expectancy without knowing how the 
tube is to be used, what the circuit conditions are, and 
what grade of maintenance the equipment will get. Good 
life cannot be obtained from a bad tube, but there have 
been some outstanding instances in which bad life has 
been obtained from a good tube. 

In his attempt to select the best tube for the job, the 
equipment designer often consults, directly or indirectly, 
different tube manufacturers—and gets conflicting an- 
swers. These answers may reflect a varying eagerness 
to sell tubes, an honest difference of opinion as to what 





*See “How to Extend the Life of Electron Tubes,” E. B. Steinberé, 
ELEctrRICAL MANUFACTURING, November 1950, p. 108. 
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PHILLIPS SCREWS, with their identifying X formed 
by the cross recess, are recognized on sight as a mark 
of quality in well built products. The general public 
knows that Phillips Cross-Recessed-Head Screws make 
products stronger, better looking. 14 million readers of 
The Saturday Evening Post are being told that when it 
comes to assurance of quality, X marks the spot. 





These screws cut driving time up to 50%, set up 
tighter, resist vibration. They are distinctively designed 
' il to give maximum strength of head, maximum driver 

; ee strength. They eliminate driver skids and split screw 
Phillips Screws appear- heads. Whether you use Phillips wood screws, machine 

e ing in The Saturday ee te Siete haild bett duct 
s S Grentan Pou. screws or tapping screws, you build a be er produc 
, and you save time, work, money. 
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Production of Electric Home Heaters 


@ Production-line techniques have been 
applied to the manufacture of electric 
home heaters at the Westinghouse Elec- 
tric Corporation plant at Sunnyvale, 
Calif. The line of heaters includes bath- 
room, floor, and wall models ranging 
from 1250 to 4000 watts in size. First 
step in the production line, A, is coil- 

| ing the nickel-chromium wire heating 

| element on a motor-driven shaft with 
the wire guided by a special hand tool. 
After the coiled heating element is 
stretched, it is wound onto a ceramic 
column, B, which supports the winding 
to prevent possible short circuits due 
to sagging. The heating wire element 
is then fastened to steel terminals on 
the ceramic columns. 

Mounting of the ceramic heating ele- 
ments, C, is the first step in assembling 
the home heaters. The spot-welded de- 
flector is made of aluminum, selected 
for its high infra-red reflectivity, good 
conductivity and resistance to tarnish- 
ing. Fastening the thermostat to the 
deflector, D, is speeded by the use of 
a power tool. The heater is tested, E, c 
for rated output, and functioning of 
the switch and thermostat. Heater is 
then installed in its metal enclosure, F, 
and ground tested at 1000 volts. Insert- 


ing the grilles, G, is the final assembly aluminum. 





will -happen under given circumstances, or a varying 
appreciation of the rigid requirements of industrial 
applications. In such a situation the designer should 
make careful tests to determine his choice. 

Probably the greatest threat to reliability in elec- 
tronic equipment is the continual pressure from users 
and equipment designers to increase the ratings “just a 
little bit.” Rarely is the question asked: “How much 
will tube life and reliability be increased if the tube is 
used below its ratings?” 

Considerable benefit can be gained by using tubes 
under their ratings, and by making actual tests to prove 
that conditions in a circuit are as they appear to be. 
Two or more tubes may not divide the load properly, 
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step. The baffle attached to the top of 
the grille increases warm air circula- 
tion. Both grille and baffle are anodized 
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so that one tube is underloaded and the other over- 
loaded. This is especially likely to happen with gas- 
filled tubes, which do not parallel well unless specific 
means are provided in the circuit for this purpose. 


Complete tests on a finished model with oscillograms to — 


show transient conditions will also catch many design 
errors that would otherwise get by. The telephone 
system gets long life and maximum reliability by using 
tubes at low ratings. Until better tubes are made the 
same should hold for industrial apparatus. 
Inadequate protective devices are often a costly fac- 
tor. Tubes do not as a general rule have the factor of 
safety inherent in other components, so the elimination 
of a good protective device usually results in the tube 
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ONE OF A LINE 


A tiny telephone type—the Guardian Series 695 D.C. 
Relay has distinguished itself in wartime communica- 
tions equipment. For inter-plane—intra plane—ground 
to plane—ship to shore radio—walkie talkie—field tele- 
phone equipment—the Guardian Series 695 D.C. is un- 
excelled. Contrary to conventional design, armature on 
this relay is formed outward, away from coil, permitting use of a 
longer coil without increasing overall length of the unit. Arma- 
ture hinges on a frictionless bearing which requires no lubrica- 
he tion. Proper balance of copper winding and volume of iron on 

field piece result in maximum flux density without oversaturation 

G U A H D I A N of iron. Series 695 D.C. Relay is capable of carrying up to 6 single 
pole, single throw contact combinations. 

SERIES 695 D.C. Can be hermetically sealed as a standard 
unit in Lug Header type housing or, to 


specification, in A. N. Connector, Screw 
Terminal, or Lug Header type housings. 
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Mounting for Meters 


For greater ease and security in mounting small 
meters made by Sterling Manufacturing Co., Cleve- 
land, a special spring-steel fastening was developed 
by Tinnerman Products Inc., also of Cleveland. 
The meter is inserted in the panel and the steel 
fastening is pressed over the body of the meter 
from the rear. New method (left) as compared 
with the conventional mounting (right) saves about 
5¢ in cost as well as substantially reducing instal- 


lation time. 











acting as a fuse and being destroyed or damaged every 
time a fault occurs. If electronic tubes ever form a 


union, the first thing they will do is put in a grievance 
charging discrimination, speed-up, and hazardous work- 
ing conditions. 

Another frequent cause of trouble is the failure of the 
equipment designer to take into account the extent to 
which characteristics vary from tube-to-tube and with 
life. Equipment engineers can help by trying several 
tubes in his set and by consultation with the tube sup- 
plier. This should eliminate many cases where replace- 
ment tubes do not operate satisfactorily either because 
there is not enough adjustment in the apparatus to 
accommodate the variation in characteristics, or because 
of the need for closely matched tubes. 

Four things will help eliminate many of the problems 
in the future. First, intensive research and development 
must be conducted by the tube manufacturer, aimed at 
improving reliability and life of electronic tubes. This 
should take preference over the invention of new types 
of tubes that would probably still have the same “un- 
certainty factors.” Secondly, greater effort must be put 
forth on the part of the equipment designer to build 
reliability into the apparatus and thus get the most 
out of the tubes as they are today. Third, there must 
be more consideration of reliability, even where it means 
a higher initial cost. Last of all, an educational effort 
must be conducted to improve maintenance of electronic 
equipment. OoO0d 


How Single-Phase Induction Motors Run 


This explanation of squirrel-cage motors uses 
inductive action of induced currents in rotor 
to set up a quadrature field. 


EDWARD BRETCH 


Consultant 
Century Electric Company 


Two different explanations for the rotation of single- 
phase induction motors, cross-field and _ rotary-field 
theories, have prevailed for many years. The cross-field 
theory was offered by W. J. Branson in 1912 (1)? 
wherein he developed a circle diagram for single-phase 
motors. Later Robin Beach (2) developed a compre- 
hensive nonmathematical exposition of the cross-field 
theory showing how stator and rotor fluxes and cur- 
rents mutually interact to develop torque and maintain 
rotation. The revolving-field theory, explained non- 
mathematically by B. G. Lamme in 1918 (3), is quite 
different and holds that the resultant field in a single- 
phase induction motor is made up of two individual 
revolving fields rotating in opposite directions. Al- 
though the theories are not altogether consistent with 
each other or with test results, both give the same 
results (4). Here is a third explanation which describes 
the establishment of a quadrature field as a result of 
inductive action of induced currents in the squirrel-cage 
rotor winding. 

A conventional single-phase squirrel-cage motor con- 


1 Italic numerals in parentheses apply to references at end of article. 
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sists of a primary stator impressing a single-phase 
alternating magnetomotive force on a squirrel-cage rotor 
which has closed electric circuits distributed uniformly 
around the circumference. Closed electric circuits are 
placed so rotor reaction on the primary is independent 
of rotor position. When rotor is stationary, closed cir- 








One answer to the age-old problem of controlling 
flies, mosquitoes, gnats and flying moths indoors 
is an electrically operated insecticide vaporizer de- 
veloped by Remington Products Corp., Elizabeth, 
N.J. Unit consists of a simple thermostatically con- 
trolled heater which vaporizes an insecticide; oper- 
ates from any standard a-c or d-c outlet. 
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T-812’s Property Combination 


INSUROK T-812 is a new paper-base punching mee aU 


stock that laughs at heat and humidity! It has out- 
standing properties that have never before been com- 
bined in one insulating laminate. T-812 has excellent 
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cuits in the squirrel cage act simply as short-circuited 
transformer secondaries; no starting torque is devel- 
oped since all forces are in balance. 

With rotor at synchronous speed, squirrel cage 
moves in exact synchronism with the primary alternat- 
ing mmf impulses. These impulses are rectified in the 
synchronously rotating squirrel cage and resulting full- 
wave rectified single-phase mmf is impressed on the 
squirrel-cage rotor. Flux through the squirrel-cage 
rotor is produced by a full-wave rectified alternating 
mmf and is therefore unidirectional with a double- 
frequency ripple. 

When a magnetic flux threads a closed electric circuit, 
any variation of the flux induces currents in the electric 
circuit which prevent abrupt flux changes; these in- 
duced currents have an “inertia effect” on the flux. 
Magnitude of the inertia effect depends upon the re- 
sistance of the enclosing circuit. A low-resistance 
electric circuit enclosing the flux exerts a powerful 
inertia effect tending to hold flux constant and thereby 
filters out flux ripples. Since the closed circuits in the 
squirrel cage have low resistance, the unidirectional 
synchronously rotating rotor flux decreases only slightly 
between rectified primary mmf impulses and is revived 
to full strength each half cycle. As a result a relatively 
constant flux is maintained with only slight double- 
frequency ripples. 
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This synchronously rotating rotor flux is stationary 
with respect to the squirrel cage and is, with one ex- 
ception the exact equivalent of the rotating field flux of 
a synchronous driving motor. In the squirrel-cage 
motor, flux is produced by rectified primary alternating 
mmf and contains slight double-frequency flux ripples 
while in the synchronous motor, flux is produced by a 
d-c emf applied to the rotating field windings which do 
not develop ripples. 

When the squirrel-cage rotor is not driven at syn- 
chronous speed but operates as an induction motor 
with a slight slip, effect of slip is superimposed on 
the inertia effect of the induced rotor currents. Although 
slip exists between the rotating constant flux and the 
rotor, the flux itself is rotating in exact synchronism 
with the primary mmf impulses. Also the primary mmf 
acts on this synchronously rotating constant flux. Op- 
eration of the motor can be visualized by considering 
this rotating constant flux as a permanent magnet ro- 
tating in synchronism with the primary mmf impulses. 
Thus, the squirrel cage serves two distinct purposes, 
first it maintains the rotor flux between the rectified 
alternating primary mmf impulses, and second it de- 
velops the torque. 

Manner in which the primary single-phase alterna- 
ting mmf is rectified and the rotating constant flux 
developed in a synchronous or near-synchronous bi- 





Military Research Targets and Design Requirements 


An annoted bibliography of articles 
on Armed Services development pub- 
lished in ELectr1cAL MANUFACTUR- 
ING in a continuing editorial program. 
(Asterisk denotes editorial reprint 
available, see Reader Inquiry Facility, 
page 167.) 


Electrical Insulation—Navy’s Program 
Moves Ahead, November 1948, p. 88. 
An evaluation report on research de- 
velopment in glass-silicone and glass- 
melamine laminates. Qualification 
tests; property data; development con- 
tract result included.* 

Shock Resistance of Molded Thermoset- 
ting Plastics Materials, August 1949, 
p. 80. Report of investigations made 
by the Navy looking to establishing a 
standard test method. (Reprinted by 
New York Navy Yard, Brooklyn, N. Y.) 

Bearings and Lubricants for High-Tem- 
perature Motor Operation, June 1949, 
p. 110. Report on a Navy program 
pointing to development of silicone 
compounds that can stand up to high- 
temperature operation of silicone-in- 
sulated rotating equipment. Test re- 
sults evaluated; test set-up descried. 

Impact of Military Requirements on 
Product Design, October 1949, p. 142. 
Influence of new materials and com- 
ponents, and new design concepts. 
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Design targets and problems in mili- 
tary electrical and electronic equip- 
ment. Miniaturization criteria. Research 
projects summarized. Several case 
histories. 

Preventing Fungus Damage, November 
1949, p. 89. Introduction to cause 
and mechanism of fungus attack. 

Plastics Can Be Electrical Conductors, 
November 1949, p. 60. New class of 
materials combines advantages of phys- 
ical properties of plastics with con- 
trollable resistivity. 

Progress in Synthetic Mica, March 1950, 
p. 99. Comprehensive report on the 
status of coordinated research projects 
aimed at large-scale commercial pro- 
duction to replace or add to possible 
war-scarce natural mica.® 

Problems in Fungus and Moisture Dete- 
rioration, March 1950, p. 78. Protec- 
tion of electrical components and 
equipment in temperate climates as 
well as in tropical. Specifications of 
fungistatic agents; test results; classi- 
fications of materials. 

Reliability in Electronic Equipment, 
September 1950, p. 107. Factors in- 
volving repair and maintenance costs. 
Reasons for building reliability into 
the design. 

Fluorocarbon Resins Appraised (Part I— 
Properties, August 1950, p. 76; Part II 
—Applications, September 1950, p. 80). 
Spurred by military needs, a whole 


new class of high-temperature, stable, 
chemically nonreactive materials of 
high dielectric values is being devel- 
oped. Part I analyzes the unique prop- 
erties of these resins; Part II discusses 
specific applications: wire insulation, 
liquid dielectrics, film, molded and 
fabricated parts.* 

Teaming Up with the Defense Agencies, 
October 1950, p. 149. What the de- 
sign engineer should know about the 
functions and responsibilities of the 
Munitions Board, the Research and 
Development Board, and the Armed 
Services Electro Standards Agency in 
procurement research and standards in 
the rearmament program.* 

Reliable Electronic Equipment, January 
1951, p. 107. Progress report on an 
Office of Naval Research program. 
Covers work in components, design, 
production and maintenance. Case his- 
tories. 

Fluorocarbon Hermetic Seal Design, 
January 1951, p. 113. Design of termi- 
nal seals for miniaturized 400-cycle 
high-temperature transformers to meet 
military specifications. 

Unitized Electronic Design and Con- 
struction Techniques, see this issue, p. 
78. The principles, advantages and 
limitations of the major techniques 
used to simplify design so as to pro- 
duce easily replaceable “packaged” 
subassemblies for minimized servicing. 
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Operates at any angle 


Whatever your mounting arrangements: shaft up, 
down, or any other position, the unit-bearing, force- 
fed lubrication system is dependable—requires no 
additional oil. Resilient mounting is supplied where 
noise level must be extremely low. Suitable control 
also available for two-speed or three-speed operation. 


Mounts four ways 


ee ee 
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Requires no maintenance 


WIDE CHOICE OF RATINGS 


Available ratings from 25 millihorsepower to 1/12 
horsepower offer wide selection for many fan sizes. 
G-E sales engineers will be glad to help you select 
and apply the right motor. Write for more informa- 
tion in bulletin GEA-5338. Apparatus Dept., General 
Electric Company, Schenectady 5, N.Y. 


You can put your confidence in — 
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polar squirrel-cage rotor is shown in the diagram. Sine 
wave indicates alternations of the single-phase alterna- 
ting primary mmf impressed on the rotor while ro- 
tating near synchronism in the clockwise direction 
through one complete cycle. Arrows in the circles in- 
dicate direction of the rotating constant flux at various 
points in the cycle with reference to the vertical axis 
which indicates the direction of the primary alterna- 
ting mmf. When primary mmf is zero at point /, flux is 
in the horizontal or neutral position with reference 
to the direction of the primary mmf. Rotor flux is 
maintained momentarily by inertia effect of induced 
rotor currents and rotor rotation is maintained 
by mechanical inertia. One-quarter cycle later at 
point 2, rotor has moved approximately 90 deg 
and direction of rotor flux is approaching that of 
the primary mmf when it is at its maximum. When 
at maximum, primary mmf brings rotor flux up to 
full strength and also pulls rotor into exact synchro- 
nism. As rotor moves to point 3, direction of rotor 
flux swings across the neutral position as primary 
mmf goes through zero and reverses. Rotor flux is 
again momentarily maintained by inertia effect of in- 
duced rotor currents and rotor rotation is maintained 
by the mechanical inertia. As rotor moves to point 4, 
primary mmf has reversed in direction and the rotor 


has moved 180 deg from point 2. Primary mmf acts 


in the same direction through the rotor as at point 2. 


To pick up grinding dust and chips in the jig 
grinder made by Moore Special Tool Co., Bridge- 
port, .Conn., a standard Lewyt vacuum cleaner is 
mounted behind the frame and connected to an 
adjustable nozzle near the work through a length 
of flexible tubing. The cleaner is given the same 
finish as the machine. 











Again at point 4 rotor flux is brought up to full 
strength and rotor is pulled into exact synchronism 
by the primary mmf impulses. Continuing to point 5, 
primary mmf goes through zero and reverses as the 
direction of the constant rotor flux crosses the neu- 
tral position where it is again maintained momentarily 
by the inertia action of the induced rotor current while 
the motion of the rotor is maintained by the mechan- 
ical inertia. 

Thus, at near synchronism, a full-wave rectified 
single-phase alternating mmf is impressed on the ro- 
tor and the inertia effects of the induced rotor cur- 
rents prevent the flux from decreasing materially 
between the rectified primary mmf impulses. At each 
half cycle the flux is revived to full strength and rotor 
is pulled into exact synchronism. Squirrel cage is 
pulled along with the synchronously rotating constant 
flux, with more or less slip depending on the load 
exactly as in a polyphase motor. However, the single- 
phase motor has only two power impulses in each 
cycle and torque is pulsating. 

The following characteristics of the single-phase 
squirrel-cage motor at and near synchronism are dis- 
closed: 

1. Motor develops a substantially constant synchro- 
nously rotating flux although excited by a single-phase 
alternating mmf. 

2. Magnetizing energy derived from the primary is 
stored in the rotor by means of induced rotor currents 
and is released by the reversal of the induced rotor 
currents in the neutral position when the primary mmf 
is zero. 

3. Rotating constant flux is produced by a series 
of double-frequency rectified primary mmf impulses 
impressed on the near-synchronous squirrel-cage ro- 
tor and is held constant between impulses by the inertia 
effect of the induced rotor currents. The double-fre- 
quency rectified mmf impulses produce a double-fre- 
quency ripple in the rotating constant rotor flux. 

4. Squirrel cage serves two distinct purposes; first, 
it holds the synchronously rotating rotor flux constant 
between the double-frequency rectified primary mmf 
impulses, and second, it develops the torque. 

5. Torque is a series of double-frequency power 


impulses held substantially constant by the mechanical 
(Continued on page 234) 
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MAKES BETTER PRODUCTS FOR THE 
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Almost every automobile operat- 

ing on the roads today has parts 

made of Galvanite*. It may be the 

door lock, window channels, speedometer 

. cable, hose clamps, exhaust pipe, hub caps, 


kick plates or the shim stock used to make the 





parts fit tighter. But whatever it is that is made 
of Galvanite* it is sure to be the best part availa- 


ble at any cost. 


For Galvanite* is the tremendously popular zinc 
coated steel that fabricates like ordinary cold rolled 
steel yet resists rust and corrosion for years. What's 


more Galvanite* has a “matte” surface that grips paint 








in an everlasting bond. 
The Galvanite*® zinc coat is put on to stay. It is accu- 
rate and uniform—tough and pliant. It will not flake 


or peel, or clog dies. 


Brochure giving test data, etc. upon request. 


*Manufactured exclusively by the Sharon Steel Corporation under 
patented process. 


SHARON STEEL CORPORATION Sag 
Sharon, Peansyluania 


SHARONSTEE 
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Application and performance data for 
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To aid readers in obtaining additional data from manu- 
facturers on items reviewed here, a Reader Inquiry 
Facility with postpaid return cards is provided on p. 167. 
For convenience, key numbers with titles are repeated 


for designed-tn use 


on those pages; fill out card, circle numbers desired 
and mail. Complete address is also given for those 
who wish to write direct; when writing please men- 
tion ELECTRICAL MANUFACTURING as your source. 


MAGNETIC-PARTICLE CLUTCHES, BRAKES, COUPLINGS 


INE OF magnetic-particle clutches, brakes and coup- 

lings use a mixture of dry lubricant and powdered iron 
between clutch members. Two basic clutch designs are 
used: one type has a fixed air gap between rotating mem- 
bers and the other has a variable air gap. In fixed air-gap 
type, magnetic mixture is drawn into gap when magnet 
coil is energized. Magnetic mixture provides a lubricated 
transmitting bond, with strength varying with exciting cur- 
rent thus providing any degree of slip. When coil is de- 
energized, there is no viscous drag. Fixed air-gap type is 
usually more desirable for constant slipping, modulating 
or retarder applications. Variable air-gap type contains 
one or more plates between field member containing the 
coil and the shoe which completes the magnetic circuit. 


When coil is energized, shoe squeezes the plates together. 
This type is recommended where either smooth clutching 
or braking is required with maximum capacity in mini- 
mum space. Advantages of magnetic-particle clutches: no 
wear; no drag; no serious sealing problems; simple con- 
trol; instantaneous response to control current; torsional 
vibrations can be absorbed; modulation and accurately 
repeatable response; high power amplification; smooth 
torque characteristics; and either constant or variable 
speed and torque output from either constant or variable 
speed input. Devices are offered in a wide range of sizes 
from fractional to integral horsepower. Eaton Manufactur- 
ing Co., 739 E. 140 St., Cleveland 10. 


For further information, circle No. 1 on Reader Inquiry Facility, page 167 


Two basic designs are used in magnetic-particle clutches: fixed and variable air-gap. Fixed air-gap type, shown at left, is for con- 
stant slipping, modulation or retarder applications while variable air-gap type, center, is for use where smooth clutching and braking 
is required. At right is an application of the variable air-gap type to an automotive clutch. 
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MULTIPOLE MAGNETIC A-C MACHINE TOOL RELAYS 


IZE O, machine tool relays, Class 8502 Type BHO-40, 

may be used either for switching control circuits or 
for controlling small single or polyphase motors. Relays 
have no overload protection or holding circuit. However, 
pilot devices, interlock contacts, or-contacts of other switch- 
ing devices may be placed in the relay magnet coil circuit 
to give automatic operation. Continuous-duty magnet coils 
for voltages ranging between 6 and 600 can be supplied. 
Standard coils are available for 60, 50, and 25 cycle fre- 
quencies. Relays will operate satisfactorily on line voltages 
fluctuating as much as —15 or +10 per cent. Can be fur- 
nished with any combination of NO and NC contacts from 
2 to 8 poles, inclusive. To minimize effects of shock or 
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vibration and possibility of accidental closure of contacts, 
relays operate with straight-line vertical action from mag- 
net armature to contacts. Relay parts are assembled on a 
steel base with all connections made from front. Current 
carrying parts are insulated to permit direct mounting on 
a grounded panel. Any pole can be converted from NO 
to NC, or vice versa, without addition of parts. 

A molded porcelain block holds stationary contacts; 
block also has arc barriers. Melamine yoke bar. All steel 
parts which have wearing surfaces are case hardened to 
minimize wear. Magnetic assembly consists of a modified 
E-type magnet with a T-shaped armature. Two shading 
coils minimize magnetic hum. Use of layer-wound coils 
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PARTS 








Wi Are you planning the production of essential civilian goods... 
or material and equipment for national defense? If you are, consider 
molded plastics. In many instances nothing will do the job so well. 
In other cases, molded plastics may be used advantageously to 
replace certain materials in short supply. 


But to realize the potential values of plastics for your critical 
applications, nothing is as important as choosing the right plastic 
molder ... one who has the seasoned judgement to help you avoid 
the pitfalls of misapplications; the designing skill to help you get 
the most from your job; and the extensive facilities to insure 
dependable, economical, quality production of even your 

largest contracts or quantity runs. 


That’s why it’s important, now more than ever, to place your 
reliance on top-flight molders . . . firms like Chicago Molded, 
who offers you advantages like these: 


EXPERIENCE: More than 30 years devoted to custom work in plastics 
for many of the biggest names in industry who continue, year after 
year, to consider us a major source of supply. In addition, we have had 
broad experience in handling both prime-contract and sub-contract 
work during World War II. 


ENGINEERING AND DESIGNING: Our staff includes top ranking 

men of the industry, many with more than 20 years of personal 
experience in plastics. These men will work closely with you and your 
engineers to insure a practical solution of your problems. 


MOLD MAKING: We operate one of the largest and best equipped 
mold-making departments in the industry manned by skilled craftsmen. 
And those who know molding recognize CMPC mold design as tops. 


COMPRESSION AND PLUNGER MOLDING: Our huge plant houses 
literally scores of automatic and semi-automatic presses in a complete 
range of sizes and types for every job. Included are giants capable 

of volume production of the largest parts made. 


INJECTION MOLDING: Our Thermoplastics Division is equipped 
with dozens of the most modern injection machines with special 
emphasis on units of large capacity. 


PLUS: A unique faculty for understanding our customers’ needs... a 
“know-how” born of experience that insures a practical solution to 
the problem. ..a competence which is essential to successful 
plastics molding. 


The services of our entire organization are available to you... now. 

If your engineering work is already completed, send us your prints for 
quotations. If your plans for essential production are still in the 
formative stage, a letter or phone call will bring a Chicago Molded 
engineer for consultation. He will gladly analyze your product to 
determine what, if any, molded plastics applications may be practical. 
And there’s no obligation. Just write, wire or phone. 


CHICAGO 


M O i D 5 D 1024 N. Kolmar Ave., Chicago 51, Illinois 


=) 2] @) D O Cc 5 S Representatives in principal industrial centers 
CORPORATION 








COMPRESSION, INJECTION AND PLUNGER 
eg MOLDING OF ALL PLASTIC MATERIALS 





reduces the voltage between turns. Relays are available in 
either open-type or with general-purpose enclosures. Sheet 
steel general-purpose enclosures are finished with one coat 


of baked blue-gray enamel inside and out and have rounded 
slip-on covers. Knockouts for conduit entrance are pro- 
vided at top and bottom. Industrial Controller Div., 
Square D Co., 4041 N. Richards St., Milwaukee, 12, Wis. 


For further information, circle No. 2 on Reader Inquiry Facility, page 167 


SQUIRREL-CAGE INDUCTION MOTORS 


Type QZE, totally enclosed, nonventilated, squirrel-cage 
induction motors are built in NEMA standard frame 284 
with continuous-duty ratings of 7% hp, 1800 rpm and 5 hp, 
1200 rpm. Motors conform to NEMA and AIEE Standards 
for totally enclosed machines, and are identical in mounting 
dimensions with standard totally enclosed, fan-cooled motors 


of the same ratings. Applicable in locations where dirt, 
dust, lint, metal turnings and sand are prevalent. Rotors 
have centrifugally cast copper squirrel cages. Ball bearings 
are cartridge type with ample grease space to permit seal- 
ing for life, but also have provisions for easy flushing and 
regreasing. Conduit boxes are reversible. Fairbanks, Morse 
& Co., 600 S. Michigan Ave., Chicago 5. 


For further information, circle No. 3 on .Reader Inquiry Facility, page 167 


VIBRATION-RESISTANT MOUNTINGS 


Designed for use on base-mounted airborne electronic 
equipment, Temproof vibration-resistant spring-type mount- 
ing has an operational temperature range from — 80 to 
+ 250 F. Mountings conform to JAN-C-172A specifica- 
tions and meet requirements of specification AN-E-19 
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which requires that mountings withstand a 30 g drop test. 
Friction dampers are designed into mountings to prevent 
excessive equipment motion at resonant frequencies. Load 
ratings for line are 3.0 to 8.5 lb min, 6.5 to 18.5 lb max, 
Since mounting is spring type, maximum load ratings can 
be increased by adding spacing washers; with 0.150-in, 


J 


N 


i 


spacer maximum load ratings are 15.5 to 29 lb. Deflection 
for all types: under minimum load, 0.150 in.; under maxi- 
mum load, 0.311 in.; and under maximum load with 0.150-in, 
spacer, 0.461 in. Mounting base is 2.375 in. square and 
unit is 1.53 in. high when free. Lord Manufacturing Co., 
Erie, Pa. 

For further information, circle No. 4 on Reader Inquiry Facility, page 167 


A-C PULL SOLENOID 


Small solenoid, No. 12450A, has a maximum stroke of 
¥Y in. and can be wound for any voltage from 12 to 125 
volts, 60 to 25 cycles. Solenoid can be used for continuous 
or intermittent duty; on a solenoid wound for continuous 
duty on 13 volts 60 cycles, pull ranges from 4 oz at %-in. 
stroke to 16 oz when seated. Shading coil is placed in end 
of plunger. Coil ends can be furnished with plug-in or 


screw terminals or solder lugs. Unit measures 1%6 x 1%e 
x 1% in. overall; plunger is 4% in. diam. Soreng Manw- 
facturing Corp., 9555 Eden Ave., Schiller Park, Ill. 

For further information, circle No. 5 on Reader Inquiry Facility, page 167 


WATER HEATER THERMOSTAT 


Externally-mounted _ ther- 
mostat for domestic, storage- 
type electric water heaters, 
Model C Clostemp, has a snap- 
acting, bimetallic control 
mechanism riveted to a steel 
hinge spring on dead center. 
Range adjusting screw 
changes relative position of 
bimetal by stressing the steel 
hinge spring, rather than by 
adding stress on _ bimetallic 
element. Action of bimetallic 
mechanism gives quick-break 
contacts. Mechanism utilizes off-set springs which result 
in greater contact-breaking pressure without loading bi- 
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TYPE 


PROPERTY 


Initial permeability 
at Ime/sec 


Maximum permeability 
Saturation flux density 
Residual magnetism 
Coercive force 


Temperature coefficient 
of initial permeability 


Curie point 
Volume resistivity 


Loss Factor: 
at 1 me/sec 


at 5 me/sec 
at 10 me/sec 
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GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY 
MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE 
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metal. UL-approved for operation at 125 volts, 25 amp, or 
250 volts, 20 amp. Dial range from 120 to 180 F graduated 
in 2-deg intervals. Westinghouse Electric Corp., P. O. 
868, Pittsburgh 30. 


For further information, circle No. 6 on Reader Inquiry Facility, page 167 


MAGNETIC FLOW SWITCH 


For use as interlocks on induction hardening machines, 
welders, grinders, water-cooled transmitting tubes, ap- 
pliances and other applications where a flow of liquid is 
required for proper operation. Device consists of a mag- 
netically operated mercury switch; liquid flow through the 
device deflects a stainless movable vane to which are at- 

































































tached two plastics-enclosed alnico magnets. One magnet 
provides a mechanical hold to prevent chatter and the 
other actuates a mercury switch located outside of copper 
flow pipe. Suitable for maximum flow through 14-in. orifice 
at pressures up to 150 psi; minimum flow is 5 gpm. Switch 
is designed for vertical pipe mounting but will operate up 
to 20 deg out of plumb. Either NO or NC contacts rated 
at 1/2 amp 110/220 volts a-c, 1/4 amp 125 volts d-c or 
1 amp 24 volt d-c. Unit has 3/4-in. IPS male fittings and 
measures 6 x 3 x 2 in. Walworth Controls Co., 777 New 
Britain Ave., Rocky Hill, Conn. 

For further information, circle No. 7 on Reader Inquiry Facility, page 167 


THYRATRON FOR CONTROL CIRCUITS 


Inert-gas-filled thyratron 
designed mainly for general 
control-circuit applications 
has a quick-heating cathode 
which takes only a minute 
to reach operating tempera- 
ture. Designated as GL-5855, 
three-electrode thyratron 
has a commutation factor 
rating of 200. Thus it can be used for motor control with 
out snubber circuits. Maximum ratings include: peak anode 
voltage, 1500 volts; cathode current, 150 amp peak, 12.5 
amp average; negative control-grid voltage, 250 volts be- 
fore conduction and 10 volts after. Tube Div., Electronics 
Dept., General Electric Co., Schenectady 5, N. Y. 


For further information, circle No. 8 on Reader Inquiry Facility, page 167 


TWO-SPEED HYSTERESIS MOTOR 


Line of fractional horsepower Model 2900 motors in- 
cludes a 2-speed hysteresis motor for use in tape recorder 
applications; ratings range from 1/100 to 1/15 hp. Motor 
has die-cast frame with stator windings of vinyl-acetal 
coated wire. Either ball or sleeve bearings can be furnished. 
Ball bearings can be either permanently lubricated, sealed 
or only shielded; bronze sleeve bearings have felt oil 
reservoirs and motors with sleeve bearings can be provided 
with ball thrust bearing for vertical operation or thrust 
loading. Twelve different gear units with many ratios are 
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available for use with motor. Mounting pads cast on frame 
with tapped holes are standard, but stamped-steel mounting 















base can be supplied. Motors are designed for 115 volts 60 
cycle operation; other voltages and frequencies available, 
Shaft is 0.3125 in. diam with 1 1/8-in. extension. Cyclohm 
Motor Corp., Div. of Howard Industries, Inc., Dept. EM2, 
Racine, Wis. 

For further information, circle Ne. 9 on Reader Inquiry Facility, page 167 


ELECTRIC-, SPRING-DRIVEN TIME SWITCH 


Combination electric- and 
spring-driven time switch auto- 
matically opens and closes a 
20-amp single-pole switch at 
any pre-set time, once in every 
24 hr. Dial is calibrated in 
15 min intervals. If power 
should fail, the spring drive 
goes into action  instanta- 
neously. Enclosure measures 
5-1/8 x 9-1/8 x 3-7/8 in. and 
has conduit knockouts. Hinged 
cover may be sealed against 
tampering. Auxiliary clock 
spring may be wound without breaking seal. Dust and drip- 
proof cases. The Hagen Manufacturing Co., Baraboo, Wis. 
For further information, circle No. 10 on Reader Inquiry Facility, page 167 





MOTOR-STARTING CAPACITOR 

Electrolytic motor-starting capacitor, Type ETB, is small 
enough to fit in motor end-bells or bases. Aluminum capac- 
itor container measures 1% in. diam and 25% in. long. In- 
sulating tube adds \%e in. to diameter and 446 in. to length. 
Will operate on 110 volt, 60 cycle intermittently and is 
rated at a maximum of 60 one-second starts per hr. Also 
can be used for low-voltage subfractional capacitor-start, 
capacitor-run motors where operation is intermittent and 
where potential across capacitor does not exceed 45 volts. 
Ratings range from 64 to 138 mf, 110 volts a-c. Cornell- 
Dubilier Electric Corp., South Plainfield, N.J. 
For further information, circle No. 11 on Reader Inquiry Facility, page 167 


ALUMINUM-COPPER LAMINATE 


Sheets of aluminum and electrolytic copper, bonded 
together by a solid-phase bonding process which assures 
absence of objectionable voids, oxides, and compound in- 
clusions, has a bond strength equal that of aluminum alone. 
Alcuplate is made with copper on one or both sides. Most 
single-clad material produced has 80 per cent aluminum, 
20 per cent copper by thickness but other ratios can be 
supplied. Also produced as double-clad metal with coppet 
on both sides. Common ratios are 5/90/5 and 10/80/10. 
Material is an excellent conductor of electricity and heat, 
either parallel or perpendicular to surface. Applications in 
electrical field include clips, shims, bushings and terminals. 


ELECTRICAL MANUFACTURING 
















FEBRUARY 1951 


sures 
-Norm -: 


- ° 
for continve” 


10 
40 2 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS 
AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE - TRANSFORMER COM 
ehh lea al) 2 ee Ole Ole esa) em C151 fe- Med aal emt. oe V 1 See ILS Tap) CAMBRIC CLOTH AND 
TAPE + MICA PLATE, TAPE, PAPER, CLOTH, TUBING + FIBERGLAS BRAIDED SLEEVING « COTTON TAPES, WEBBINGS AND 
SLEEVINGS + IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING 





Ever been 
haunted! by 
an"ERASURE GHOST’? 


The beauty of Arkwright Tracing Cloth is its per- 
manent translucency — built all the way through the 
cloth by a special process. Arkwright will take the 
heaviest erasures withott “ghosting”. You can count 
on clear, clean prints from drawings on Arkwright 
cloth years after you make them. 


You can re-ink over erasures on Arkwright Trac- 
ing Cloth without feathering or “blobbing”. You can 
be sure there are no pinholes, thick threads or other 
imperfections in the cloth to bother you. Every roll 
is carefully inspected before leaving the factory. 


Think a moment. Isn't it an unnecessary risk to put 
your important drawings on inferior tracing cloth or 
paper? A sample will show you the difference. Write 
Arkwright Finishing Company, Providence, R. I. 














Aluminum side of laminate provides good aluminum-to- 
aluminum connection. Similarly, laminated tubing can be 
used in joining aluminum tubing to copper tubing. En- 
closures for sealed devices can be spun or drawn from 
material and copper surface is convenient for soft-solder- 
ing operations. Where greater strength, or both strength 
and ductility is required, high-strength aluminum alloys 
may be substituted for softer types. Sheet or strip is norm- 
ally supplied in widths up to 6 in. and thicknesses up to 
¥ in. Single- or double-clad seamless tubing is available 
in the same thickness ratios as sheet in outside diameters 
up to 1 in. Alsiplate, a composite metal consisting of 
aluminum and fine silver, is also available. The General 
Plate Div., Metals and Controls Corp., 412 Forest St., 
Attleboro, Mass. 

For further information, circle No. 12 on Reader Inquiry Facility, page 167 


SWITCHBOARD INSTRUMENTS 


Redesigned full-view Type K-24 circular-scale switch- 
board instruments have a dial and cover structure that is 
said to give readability from steep angles and cause no ob- 
jectionable shadows on the scale, even under adverse light- 


ing conditions. New Type K-24 design (left) is the 
same as original Type K-24 (right) except for cover and 
dial. Cover is approximately 3%-in. wider and higher, but 
still within limits or ASA C39.1. Drilling plan for both 
types is identical, and they can be used interchangeably. 
Westinghouse Electric Corp., P.O. Box 868, Pittsburgh 30. 
For further information, circle No. 13 on Reader Inquiry Facility, page 167 


ELECTROLYTIC CAPACITORS 


Type FM tubular electro- 
lytic capacitors are hermeti- 
cally sealed in round alumi- 
num containers and encased 
in heavy insulating sleeves 
on which polarity is clearly 
indicated. Capacitors are 
equipped with flexible insulated wire leads and_ stud 
terminals. Also equipped with a mounting strip. Especially 
designed for television and other electronic applications 
where operation at 85 C is required. Sangamo Electric 
Co., Springfield, Il. 

For further information; circle No. 14 on Reader Inquiry Facility, page 167 


UNIVERSAL MOTOR 


Series-wound a-c or d+ 
motors, M-7 and M-8, have 
ratings up to %o hp for intef- 
mittent duty and up to Yo 
hp for continuous duty, at 
5000 rpm. Can be supplied 
wound for any voltage from 
115 to 220 a-c or d-c. Motor 
has self-aligning oilless bear- 

ings, pressed steel case and dynamically balanced rotor. 
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LOCK WASHERS 


a type and size for every locking need! 
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DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


- « -add attraction—safety—service ? 


ik® 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 
Catalogue Number 521308 — 997 

for 110 or 220 volts. 
SAMPLES 
for design purpose 
NO CHARGE 


NEW! ] Write for the 
“HANDBOOK OF PILOT LIGHTS.” 


Write us on your design problems. 









— what lamp to use 
— how to use it 

— what it will do 

— what it will cost 








Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 


THE AccePTed STANDARD 


HEYCO 


UU Maeda 
URL LES 


Save time—reduce costs—increase 
product life. Securely anchor wires 
to chassis without injury. Heycos 
absorb push, pull and torque. Eleven 
sizes clock wire to S-10/3 cable. 


Specification Sheet on Request 


HEYMAN 


MANUFACTURING CO. 
KENILWORTH 1, N. J. 





rrr ELIMINATES STRAIN ON ere 






























Shaft is 4 in. diam with any extension to fit requirements, 
Model M-7 measures 2% x 3%6 x 3%e in.; model M-8 js 
Y% in. longer to accommodate cooling fan. Shunt-wound 
types also available. RAE Motor Corp., P.O. Box 291, 
Racine, Wis. 


For further information, circle No. 15 On Reader Inquiry Facility, page 167 


SILICONE RUBBER COMPOUND 


Designated as compound 81223, silicone rubber is easily 
processed and many parts can be fabricated from it with- 
out prolonged oven cure. Hot tear strength permits parts 
with undercuts to be easily removed from molds. Material 
is neutral tan in color but stock can be colored with cer- 


24 hr at 
480 F 


1 hr at 


Cure 300 F 





Tensile strength, psi min 
Elongation, per cent min 
Tear strength, die C, psi min 
Compression set, Method B, max 
after 22 hr at 300 F 
after 70 hr at 300 F 
Oil aging, 70 hr at 300 Fin ASTM Oil #1 
Max hardness change, A scale 
Max tensile strength change, per cent 
Max elongation change, per cent 
Brittle point, ASTM D736-46T, F 


Electrical Data 


Specimen thickness, in. 





60 cycles 
Dielectric strength, vpm 
Dielectric constant 
Power factor 

1 mc 
Dielectric constant 
Power factor 


tain pigments to produce shades of red, green, orange or 
white. Fabricated parts have good tensile strength, good 
elongation, good electrical properties, and are serviceable 
over a wide temperature range from 550 F to —85 F. Ap 
plications include diaphragms, boots, sleeves, belting, hose, 
and mountings. Chemical Dept., General Electric Co., 
Section G3, Pittsfield, Mass. 


For further information, circle No. 16 on Reader Inquiry Facility, page 167 


TORQUE OVERLOAD CONTROL 


Spring-loaded ball detents are used in torque control 
coupling to give overload protection and eliminate shear 
pins. Trip-out torque can be adjusted by control screws 


--Oriven 
’ member 


driving 
member. he } 





~~ Jorque control screw 








from a minimum of 1 Ib-in. or 2 per cent of torque trans- 
mitted. Coupling can be operated in either direction. Unit 
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“ICB” Units Measurably Improve 
Production of Building Block 
On Besser Vibrapac 


A new Besser Vibrapac equipped with a Warner “ICB” Clutch Brake unit on 
jack-shaft to engage and disengage machine flywheel and main drive motor, 


What Besser says About the 
WARNER “ICB” Unit 


Formerly the Vibrapac was controlled by starting and 
stopping the main drive motor. Then, different lengths 
of time were required to feed varying 2rade materials, 
This reduced over-all productivity, 


Now, a WARNER “ICB” Unit on the jack-shaft keeps 
the main motor and flywheel operating continuously. 
Machine can be started and stopped with cycles varying 
according to the feed rate of material. The result is 
greater production without taxing motor. 


Warner “ICB” Units are electrically-powered, low- 
wattage clutches and brakes, They can be operated 
singly or in combination — automatically or by push- 
button control. Being electric, they give lightning- 
fast response. Compact and simple, they provide easy 
installation and long-term dependable operation. 
They're a new answer to a wide variety of old 
machine design and operation problems. For further 
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information on how Warner “ICB” Units may help 
you — write today to the WARNER ELECTRIC BRAKE 
& CLutcH Co., Dept. EM, Beloit, Wisconsin. 


Rae 


ICB UNIT 


Warner ICB Units are manufactured by Warner Electric Brake & Clutch Co. 
= pioneers in the field of electric brake design and application since 1927, 
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Superior Solenoid Performance 


































Patent SORENG TT Design 
Assures... 


@® More Power 

@ Dependable Operation 
@® Long Service Life 
ca 


Lowest Cost Per 
Work Unit 





L solenoids, performance counts! That’s why so many 
of America’s largest manufacturers look to Soreng for 
all their needs. 


Outstanding advantages of Soreng’s patented TT design are:— 
% More pull per unit volume. No power 
drop-off. 


% Double shading coils to provide quiet 
operation and higher sealing pull with 
less heating. 


% Uniform performance characteristics over 
entire service life. 


% Exceptionally rugged construction. Built 
to outlast the devices on which they're 
used. 


% Lowest cost per work unit of any solenoid. 


In the four basic models, there’s a Soreng TT Solenoid 
to meet practically any requirement you might have 
regarding pull, stroke, size and current. Can be fur- 
nished for any a-c voltage—any frequency. Mount- 
ings and terminals to your specifications. 

To show you what superior solenoid performance 
really is, why not let us survey your requirements? 
The services of our engineers are yours without obli- 


gation. Or—write today for free copies of our solenoid 
bulletins. Address Dept. M12. 


GH 


America’s Largest Manufacturer of Solenoids 





9555 Eden Ave., Schiller Park, Ill. (Chicago Suburb 
alll t ee alll ae dle Oe Deal Ollie 









is made of hardened and ground steel, and is completely 
sealed, requiring no lubrication. Ratings and sizes are: 1 to 
25 lb-in., 2 x 1% in. diam; 25 to 75 lb-in., 2% x 1% in, 
diam; 75 to 250 lb-in., 3 x 2% in. diam; and 250 to 500 
lb-in., 3 x 3% in. Other ratings available. Overload Con- 
trol Co., 260-63 Langston Ave., Glen Oaks, L.I., N.Y. 


further information, circle No. 17 on Reader Inquiry Facility, page 167 


KNOBS AND DIALS 


Series of knobs and dials 
in a wide variety of sizes 
and calibration markings are 
available with or without 
black phenolic skirts or satin 
chrome dials. Knobs are de- 
signed with extra thick walls 
and all types have heavy 
brass inserts. Twelve flutes 
instead of eight are used on 4 
knobs. Greater number of 7 
flutes and slightly tapered ¥ 
sides are said to provide a™ 
better gripping surface. Dials are nickel silver with satin. § 
etched chromium-plated finish. In addition to standard 
types, modified versions of these knobs and dials can be @ 
supplied. E. F. Johnson Co., 206 Second Ave., S.W. 4 
Waseca, Minn. : 
For further information, circle No. 18 on Reader Inquiry Facility, page 167 





COMBINATION LINESTARTER 


Designed for across-the-line 
starting of squirrel-cage induc- 
tion motors, or as a _ primary 
switch for wound-rotor induction 
motors, Class 11-206-N linestarter 
combines motor starter, motor 
protection, and disconnect in a re- 
designed enclosure. Unit is avail- 
able in NEMA sizes 0 through 4, 
and NEMA enclosures, 1, 1A, 3, 
4, 5, 7, and 9 with capacities from 
Y% to 100 hp at 110 to 600 volt 
polyphase. Clapper-type starter 





| component has clapper pivoted in 


1 


| 


| 
| 
| 
| 


center on a knife-edge bearing; kick out spring insures 
positive opening. Delayed tripping on safe overloads and 
instantaneous action on short circuits is provided by the 
| quick-make, quick-break thermal-magnetic de-ion circutt 
breaker. Designed for use with up to three safety padlocks; 
slamproof self-indicating handle is also interlocked to pre- 
vent opening of enclosure when breaker is closed. Straight- 
through wiring and front-removable parts provide easy in- 
stallation and maintenance. Sheet-steel enclosures are 
bonderized to increase corrosion resistance. Westinghouse 
Electric Corp., Box 868, Pittsburgh 30. 
For further information, circle No. 19 on Reader Inquiry Facility, page 167 


FLEXIBLE COUPLINGS 


Applicable to electrical 
home appliances, business 
machines, and other equip- 
ment using electrical motors 
with ratings up to % hp at 
1750 rpm. Coupling reduces 
operating noise, absorbs 
torsional shaft vibration, and 
accommodates shaft mis 








alignments up to 2 deg angu- 
| lar and %2 in. parallel. Hubs are stamped from steel strip 
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There may be several parts you are now using 
that Townsend can produce for you by cold- 
heading at substantial savings just as we did 
for a mid-west washing machine manufacturer. 
Originally the wringer spring rod shown above 
was made on a bolt maker at $33.40 per thou- 
sand. Then a Townsend engineer suggested that 
this same item, with virtually no change in 
design could be made by upsetting the head and 
shoulder at a cost of only $20.95 per thousand — 
a clear savings of $12.45 per thousand. On an 
annual basis they save more than $12,000 on 
this part alone. 


Savings like this are not unusual with 
this is a typical ex- 


Townsend customers 


Townsend 





Saves Customer $12,000 
In One Year With This 
Cold Headed Part 








ample — some manufacturers save even more. 
Such economy is a reflection of the size and ex- 
perience of the Townsend organization and 
demonstrates the possibilities for savings even 
on simple items. 


Townsend makes 60 million items every 
working day by cold-heading and extruding 
then they may be pointed, machined, drilled, 
slotted, trimmed, threaded, pierced, knurled, 
bent, or flattened. We make parts of carbon and 
stainless steels — in bronze, copper, aluminum 
— in a variety of platings and finishes. If you 
want to learn more about the economy of 
cold-heading by Townsend ask to have one of 
our engineers call. 














Townsend 


Plants—New Brighton, Pa. - Chicago 38, Ill. 





Division Sales Offices—Philadelphia, Detroit, Chicago 


Sales Offices in Principal Cities 









stock and oil-resistant neoprene is permanently bonded 
between two of the flanged hubs to produce a one-piece 
coupling. Die-formed hubs have a 0.6258-in. bore held to 


+0.002 in. One side of hub has a flat which mates with 
0 CC Or milled flats on both motor and driven shafts. In installation 
coupling hubs are merely slid onto the shafts, eliminating 


need for keyways, pins or set screws. Because both shafts 


om 
are free to move longitudinally within hubs, normal motor- 
Ings shaft end play is readily accommodated. Lord Manufactur- 
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ing Co., Erie, Pa. 
r further information, circle No. 20 on Reader Inquiry facility, page 167 






MERCURY-VAPOR RECTIFIER TUBE 


Heavy-duty, mercury-vapor rectifier 
tube is quick heating and has a rating of 
15 amp. Designated NL-643, tube is de- 
signed as a substitute for conventional 
15-amp tube where high voltage, high 
overload capacity or long life are required. 
Peak inverse voltage rating is 700 volts. 
Other ratings: Filament voltage, 2.5 
volts; filament current, 23 amp; filament 
heating time, 120 sec; maximum peak 
current, 90 amp. Tube measures 10 in. 
x 2%6 in. diam; mogul screw base. 
_ Mounting position is vertical, base down. 
Wretco Collector Rings are made in all sizes National Electronics, Inc., Geneva, III. 


For further information, circle No. 21 on Reader Inquiry Facility, page 167 
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to carry currents of 5 to 200 amperes. Two to 


For industrial electric 
furnaces or radiant-tube 
furnaces, Atcotronic Input 
Controller can actuate a 
switch, a high-speed mo- 
torized fuel valve or a 
solenoid pilot to a dia- 
phragm control valve. By 
timing periods in which 
switch or valve position is 
either fully open or shut- 
off, straight-line control of 
temperatures may be ob- 
bronze material. Bakelite insulation is used. : i tained. Instrument uses a 

Wheatstone Bridge circuit consisting of one _ slidewire 
in a pyrometer and another in controller. Unbalance in 
pyrometer slidewire circuit, caused by temperature change 









plete with brush holders, brushes, studs for sup- 






| 


y " rs 
a aaa 


porting the brush holders and stud rings. The 





collector rings can be assembled as a unit on 
one hollow tube with threads on one end and 
insulation bushing on the opposite end. The 







brush holders carrying the current are made of 






brass. The collector rings are made of hard 













Welco Collector Rings are custom-built to fit the closes power circuit to furnace heating elements to restore 
balance and maintain temperature. Can operate with a 
special design and functional requirements of proportional band as narrow as 2 per cent in many 
cases. Type 4702-A controller has a snap-acting precision 
your machines or equipment. A limited num- switch, independently wired; rated at 10 amp for 115 
volts, 5 amp for 230 volts, a-c noninductive, 25, 50 or 60 
ber of standard types are available. Send us cycles. Type 4702-B controller incorporates a mercury- 






switch relay, independently wired; rated at 30 amp for 
115 volts, 20 amp for 230 volts a-c noninductive, 25, 50 or 
60 cycles. Automatic Temperature Control Co., Inc., 5200 
Pulaski Ave., Philadelphia 44. 


For further information, circle No. 22 on Reader Inquiry Facility, page 167 





your blueprints and we will design for you the 






collector rings that are functionally correct. 











THE B. A. WESCHE ELECTRIC CO. PROTECTIVE RELAYS 


1626-22 Vine Street Cincinnati, Ohio Types D-3 and DT-3 protective relays are D’Arsonval 
type d-c contact-making milliammeters consisting of 4 
permanent-magnet core within moving coil of relay. Type 
D-3 is for service in d-c circuits to furnish protection 
against overcurrent, undercurrent and reverse current. 
Operating voltage is supplied by a shunt in series with 
protected line. Moving coil is in parallel with shunt so it 
will receive current in proportion to current flowing in 
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STRONG at 103°C 


This tubing stays FLEXIBLE at-40°C 


TEMFLEX 105 PLASTIC TUBING starts off with exceptionally high ten- 
sile and dielectric strength—3000 psi, 1200 vpm. And it keeps these 
mechanical and electrical properties to an amazing extent, even in 

continuous service at temperatures as high as 105° C. 

Or let the temperature go plummeting down to —40° C—Temflex 105 
retains its flexibility—its ease of give-and-take under the severest 
conditions. 

Subject Temflex 105 to baking temperatures or the action of potting 
compounds—immerse it in water—bring it into prolonged contact 
with solvents, oils, acids, alkalies. It shrugs off their effects as easily 

as it does temperature extremes! 

Yet... it is low in cost, easy to assemble—other reasons for making it 
your first choice for insulating leads on transformers, coils or motors 
that must work where the going is tough. 


Samples are yours for the asking—along with full technical data. = 
Send coupon today. 


00000000000 00O000 0008099999090 R9SEO8 


Irvington Varnish & Insulator Company arn 


6 Argyle Terrace, Irvington 11, N. J. 
Please send me tech- Cl I'd like a sample 


| 

! 

= 1 
| nical data on Tem- sz 
flex 105 tubing. LD. O.D. 

! 
| 
| 
! 
' 


Send this convenient coupon now 


Company 
MS cccscciclaec tie is alpcestnct iatiiadiotcle teh alana : 


Lethe AAD ciceccentiiblene 


VARNISH & INSULATOR COMPANY 


Irvington 11, New Jersey 


F 
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WATLOW Harrow Gaud HEATING UNITS 
PREVENT COSTLY PRODUCTION BREAKDOWNS 


(A) 
(B) 


HIGH HEAT CONCENTRATION. 35 to 45 watts 
per sq. in., depending on application. 

LONGER LIFE. Special non-expanding metal clamp- 
ing band over internal winding assures better 
unit-cylinder contact and heat conductivity—and 
reduces the required internal operating tempera- 
ture of the unit itself. 

(C) LOWER REPLACEMENT COST. Only a frac- 
tional heat loss results if a unit burns out— 
only that unit need be replaced. Equipment 
ean be kept in operation at adjusted cycle. 

(D) SEND for the Watlow Electric Heating Units 
Catalog. : 

(E) OTHER WATLOW PRODUCTS: Strip Heaters 
© Immersion Heaters @ Electric Cartridge 
Units © Hot Plates. 


ELECTRIC MANUFACTURING COMPANY 
1330 N. 23d St. AY RT eo 





line to be protected. Type DT-3 relay is for protection 
of transformers and a-c or d-c motors and generators from 
damage which will result from abnormally high tempera- 


tures. Exploring coil in windings of protected apparatus 
forms one leg of a resistance bridge which supplies oper- 
ating energy for relay. Both relays have SPDT contacts, 
Westinghouse Electric Corp., P. O. Box 868, Pitts. 
burgh 30. 


For further information, circle No. 23 on Reader Inquiry Facility, page 167 


FHP FACE-MOUNTED MOTORS 


Line of NEMA type C face-mounted motors using stand- 
ardized 42, 56 and 66 fractional-horsepower frame series 
has a built-in conduit box designed to give adequate room 
for making connections for 9-lead, dual-voltage motors nor- 


mally used as standard equipment on coolant pumps and 
machine tool applications. Conduit opening can be fur- 
ished with a %-in. plain hole or a %-in. pipe tap. Gaskets 
under cover plates can be furnished upon request. Bolted-on, 
removable bases are available on all three frame sizes. 
Electro Machines, Inc., Cedarburg, Wis. 

For further information, circle No. 24 on Reader Inquiry Facility, page 16/ 


VOLUME-UNIT, DECIBEL METERS 


Designed to measure strength 

of audio signals as applied to 

communication equipment, 1% 

in. VU and db meters are made 

to conform to applicable set 

tions of Specification JAN-I- 

6 for VU and db meters, and 

give comparable performance 

to larger 2%4- and 3%4-in. it 

struments. Available in three 

case styles: 114-in. square wat 

erproof case (illustrated), 1% 

in. round waterproof case com 

plete with O-ring for making 

a waterproof seal to panel, and 1%4-in. round flange-mount 
ing case with commercial seal. Meters use a subminiatute 
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Like Everything Else, These Are Counted by 


VEEDER-ROOT [Tciowuiniiciris 


units you want. But if you want to count 
up to a real payoff, then build V-R Coun- 
ters into your machine or on as orig- 
inal equipment. How to do it? Write and 
find out: 


Piass it and you can count it...trees, Cars, 
eople ... and many other units that are 
difficult to count in any other way than 
with a Veeder-Root Hand Tally...on which 
you simply press the thumb-lever once 
for each count. 
And in addition, there are many other 
Veeder-Root Counters which count me- 
chanically and electrically in any terms or 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONNECTICUT 


Greenville, S.C. @ Montreal,Canada @ Dundee, Scotland © Offices and agents in principal cities 
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| D’Arsonval movement. Scales have an are length of 13 

in., and are obtainable black on white, or in reverse with 

ure ure or the ha kes 8 | black background. International Instruments, Inc., 33] 
East St., New Haven 11, Conn. 

Any product that operates | For further information, circle No. 25 on Reader Inquiry Facility, page 167 


under conditions of severe SMALL ELECTRIC COUNTER 
vibration should be assembled with ee —_s Low-cost, small electric coun. 


ter has a roll back reset. Known 


is, RI STO |’ S fs a> as Mercury Roll-Back Reset 
: ; : Counter, unit is completely en- 


closed in a metal case with plas- 


s . Od - ; 
S ' tics window. Counter is actu. 
Multiple-Spline Socket Screws > ated by electric impulses which 
| "= «may originate from any suit- 
‘ f able switch, relay or photo- 
electric unit, and may be in 
stalled at any distance from the 
actual source of count. Reset 
to zero is accomplished by turning reset knob backwards, 
Each sweep of finger deducts 20 to 30 counts; resetting to 
zero from 999 requires about 20 sec. Furnished with 1, 2,3 
and 4 digits for 6, 12, 24, 48 and 115 volts, either d-c or 
60 cycle a-c. Production Instrument Co., 710 W. Jackson 
Blvd., Chicago 6. 
For further information, circle No. 26 on Reader Inquiry Facility, page 167 


FLEXIBLE ELECTRICAL CONDUIT 


Called Plane-Duct, flexible electrical 
conduit has an inner core which consists 
of glass-fiber yarn interwoven with an 
aluminum strip traverse tape. Core is 
covered with a moisture- and oil-resistant, 
and flame-retardant lacquer containing a 
fungicide. Flame-retardant aluminum foil 

| is then laid over the lacquer finish of 

| tubing. Next an aluminum- alloy wire- 
braid shielding is applied over the alu- 
minum foil. Conduit is made in 12 sizes 
with inside diameters ranging from 3/16 
to 2% in. National Electric Products 

Corp., 1313 Chamber of Commerce Bldg., 

Pittsburgh 19. 

For further information, circle No. 27 on Reader Inquiry Facility, page 167 


" than any other screw. The spline 
recess turns internal wrenching 
force into rotary motion, not expand- 
ing pressure. Hence, no bursting, no | 
rounding out of the socket walls— 
even in the smallest sizes (down to 
No. 0 wire). Holding power is 
maximum .. . yet a reverse flick of VARIABLE-PITCH PULLEYS 
the wrench loosens the set — 
with no spoiled screws. 


Stationary-control __ variable- 
pitch pulleys are adjusted by ro- 
tating outer flange of pulley 
which is mounted on a threaded 
hub. Sheaves cannot be adjusted 
with belt in groove and adjust- 
ments obtainable are in small 
steps since not altogether infinite 
in variation because set screw 
which holds adjustable flange 
nust seat on one of two flats, 
\80 deg apart. Sheaves are ma- 

chined cast iron and are available in sizes from 234 to 7 it. 


SEND COUPON FOR FREE SAMPLES—also helpful bulletins on de- 
signing compact, tight assemblies 


Tue Bristot CoMPANY 


Mill Supply Division 
153 Bristol Road, Waterbury 20, Conn. 

Please send me free sample of Bristol’s Multiple Spline 
Screw and bulletins showing applications to: 


Our problem is mainly VIBRATION [] 
COMPACT DESIGN [] FREQUENT TAKE-APART [] 
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OD with bores from % to 1 in, All sheaves have socket- 
head set screws and 18-pitch adjusting thread. Can be fur- 
nished with keyways. Climax Metal Products Co., 863 E 
140 St., Cleveland 10. 

For further information, circle No. 28 on Reader Inquiry Facility, page 167 


COPPER-CLAD STEEL SHIELDING MATERIAL 


Consisting of a low-carbon steel case, clad on one 
both sides with copper, Electroshield is a shielding mate 


ELECTRICAL MANUFACTURING 





TA ABSA ST 





Modern passenger cars ore equipped 
with engine-driven a-c generators 


and Fanstee! Selenium Rectifiers under Traditionally, the railways and railway equipment manufac- 


the deck, which supply all electric 
power independent of the locomotive. 


Diesel locomotives also use turers turn to Fansteel when dependable rectifiers are required, 


Fansteel Selenium Rectifiers. 
COURTESY ROCK ISLAND LINES ‘. ’ . ‘ e . 
knowing Fansteel’s long standing reputation for engineering 


and building rectifier equipment for exacting requirements. 


Many other industries and utilities, too, have found that the 
Fansteel trademark is a label of integrity. Fansteel engineers 
are at your service for consultation on rectifier and d-c power 
applications. Fansteel Metallurgical Corporation, North 


Ask for our booklet 


Fansteel Selenium Rectifiers . . Chicago, Illinois, U.S.A. 


Ka nsteel . 


THAT SERVES oe. ae. 7. ae: | Se 


INDUSTRIES 
DEPENDABLE RECTIFLER@S SINCE [Fae 


Soe 
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OVER 40,000 


now in use 


Overly-Hautz All Steel adjustable motor slide 
bases are manufactured to fit NEMA standard 
motor frame sizes 203 to 505. Other sizes can 
be made to specification. 

No additional machining or assembling is 
necessary. Each Overly-Hautz motor base is 
shipped ready for installation including cad- 
mium plated bolts for mounting motor. 


QUANTITY PRODUCTION 


makes for low costs and prompt 
delivery 





| 


rial for use in electronic devices, communications equipment 
and instruments. Sheets are furnished in standard sheet 
metal thicknesses with a minimum of 0.025 in., and in 
widths up to 48 in. and lengths up to 132 in. Steel base 
is usually SAE 1010, 1015 or 1020. Commercially pure cop- 
per is metallurgically bonded continuously and integrally 
with base; thickness is to specification with a minimum of 
0.008 in. Material may be welded, brazed, silver soldered, 
spun, drawn, stamped or punched. American Cladmetals 
Co., P.O. 544, Carnegie, Pa. 


For further information, circle No. 29 on Reader Inquiry Facility, page 167 


SHADED-POLE INDUCTION MOTOR 


Redesigned model 
800D _ shaded-pole in- 
duction motor is a four- 
pole, skeleton-type fhp 
motor rated %o0 to Yo 
hp. Designed for use in 
products whose hous- 
ings make an enclosed 
motor unnecessary, 
Either porous bronze 
bearings with oil reser- 
voir or ball bearings. 
Gear reducers and cool- 
ing fans are also avail- 

able. Speed range on 60 cycle is 1600 rpm no load to 1450 
rpm full load. Standard motors are wound for 115 volt but 
motors for special voltages available. Electric Motor Corp., 
Div. Howard Industries, Inc., EM2, Racine Wis. 

For further information, circle No. 30 on Reader Inquiry Facility, page 167 


SILICONE RUBBER PARTS 


Gaskets, sleeves, washers, channel, seals, tubing and 
other molded, extruded, punched and lathe- or die-cut 
rubber parts can be furnished in quantity, fabricated from 
silicone rubber compound 161. Ease of fabrication is said 
to reduce cost of production. Compound is red in color. 
Dielectric strength of compound is only 170 vpm. Rubber 


parts have a tensile strength of from 470 to 520 psi, elon- 
gation of 110 to 160 per cent, and a high specific gravity 
of 2.1. Compound will not become brittle and will not 
crack after long exposure to air, ultra-violet rays or ozone. 
Parts will not carbonize under extreme heat, and they 
can be used to replace metal constructions. The Stalwart 
Rubber Co., 12197 Northfield Rd., Bedford, Ohio. 


For further information, circle No. 31 on Reader Inquiry Facility, page 167 


SILVER-CELL BATTERY 


Model No. 5 HR silver-cell rechargeable battery weighs 
4.3 oz and has a volume of 4.50 cu in.; about one-fourth the 
weight and one-third the volume of a standard lead-acid 
battery of the same capacity. Battery is capable of high- 
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ELECTRICAL 


= BENDIX CONNECTORS 


Mes me (atau ve@ ss 








Outstanding design and precision work- 
e Moisture-proof manship assure completely pressurized 

: ‘ electrical connectors for all sizes of contacts. 
© Radio Quiet A truly important feature, but only one of 
the many exclusive advantages that con- 
tribute toward making Bendix outstanding 
in the electrical connector field. Increased 
resistance to flash over and creepage is 


@ Single-piece Inserts 


® Vibration-proof 


® Light Weight made possible by the use of Scinflex dielec- 
tric material—an exclusive development of 
® High Insulation Bendix. In temperature extremes, from‘ 
Resistance — 67°F. to +300°F. performance is remark- 
able. Dielectric strength is never less than 
® Easy Assembly 300 volts per mil. Remember, for the 
and Disassembly greatest value in electrical connectors, it 
pays to specify Bendix. Our sales depart- 
@ Fewer Parts than ment will gladly furnish complete informa- 
any other Connector ae eee Senge 





e No additional 


solder required SHELL 


High strength aluminum alloy 
. . . High resistance to corro- 
sion . . . with surface finish. 
CONTACTS 

High current capacity ... Low 
voltage drop. 

SCINFLEX ONE-PIECE INSERT 
High dielectric strength .. . 
High insulation resistance. 


Pin and socket 
arrangements available 
for all sizes of contacts. 
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STEEL 


Every Kind 


Some steel products are in short supply but 


over-all stocks are still large, diversified 
NEARBY STOCKS INCLUDE: 
BARS—carbon & alloy, hot 
rolled & cold finished 


STRUCTURALS—channels, 
engles, beams, etc. 


PLATES—U, M. & sheared, 
inland 4-Way Fieor Pilate 


SHEETS—hot & cold rolled, 
many types & coatings 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, 
Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo, 
Chicago, Milwaukee, St. Louis, Los Angeles, Sen Francisco 


TUBING—seamliess & welded, 
mechanical & boiler tubes 


STAINLESS—Alilegheny sheets, 
pilates, bars, tubing, etc. 


REINFORCING bors & access. 
BABBITT bearing metal 


MACHINERY & TOOLS for met- 
al fal. ication 


Kinkless 


Safeguard 


for Removable Parts 


IF your product has removable 

parts which can be mislaid, 

dropped and broken, or lost, 

add usefulness and sales appeal 

at negligible cost by securing 

these parts with Bead Chain. 

Bead Chain provides the ideal 

safeguard for caps, covers, hasp 

pins, wedges, alarm hammers 

and other important parts. 

Strong, light, rust proof, com- 

pletely flexible, it cannot kink, 

bind or jam. Free swiveling 

action makes Bead Chain es- 

pecially adaptable for screw 

type parts. Made in five bead 

sizes, and in all metals and 

finishes. Attachments available 

for every need. For the finest 

a retainers specify Bead Chain. 
THE BEAD CHAIN MANUFACTURING CO. 

13 Mountain Grove St., Bridgeport 5, Connecticut. 


Manvfacturers of: BEAD CHAIN — the kinkiess chain of a thousand uses, 

for fishing tackle, novelty, plumbing, electrical, jewelry and industria! 

products; MULTI-SWAGE — the most economical method of producinr 
Trade Mark small tubular metal parts for electronic and mechanical applications. 
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rate discharges and has a substantially flat discharge volt- 
age curve. Operates satisfactorily at high altitudes. No 
water or electrolyte has to be added during battery life 


“WOO ma RATE CHARGE (iow scale) 


15 MRS, 

(Low Sca'e 
under normal operating conditions. Can be discharged at 
5-amp rate up to 60 min, and is capable of being discharged 
at rates up to 20 amp. Yardney Electric Corp., 105-107 
Chambers St., New York 7. 


For further information. circle 


No. 32 on Reader Inquiry Facility, page 167 


HYDRAULIC CYLINDERS 


Line of high pressure hydraulic cylinders meeting J.LC, 
standards is designed for working pressures up to 1500 
psi. Eight mounting styles are available. Cylinder heads 
can be rotated to accommodate various port positions, 


Pistons are equipped with rings to reduce oil slip. Cylinder 
tube is of centrifugally cast Meehanite, bored and honed, 
Hanna Engineering Works, 1765 Elston Ave., Chicago. 

For further information, circle No. 33 on Reader Inquiry Facility, page 167 


VIBRATION ISOLATORS 


Shock and __ vibration 
mount has a completely met- 
allic construction; metal 
springs handle large static 
deflections without percep- 
tible drift; compressible, re- 
silient, knitted-wire pads 
provide vibration damping. 
Can be furnished with a 
complete line of mounting 

bases built to Specification JAN-C-172A; special bases 
to requirements. Both unit mountings and standard rack 
assemblies are available in all load ratings of JAN-C-172A. 
Unit mount is 23% in. square and 1!%4 in. high, under mini- 
mum rated load. Four mounting holes are 11%e¢ in. centers. 
The Barry Corp., 179 Sidney St., Cambridge 39, Mass. 


For further information, circle No. 34 on Reader Inquiry Facility, page 167 


FLUSH-MOUNTED PRESSURE CELLS 


For detecting dynamic pressures, flush-mounted pressure 
cells have a strain-sensitive element attached to the innef 
surface of a diaphragm stretched across one end of @ 
threaded cylindrical body. Small metal nipple projects 
through side wall for connection to a reference pressure. 
Cell cylinder screws into an adapter ring to align dia- 
phragm with surface and prevent surface stresses from 
acting on diaphragm. Flush-mounted cells are said to 
eliminate phase and amplitude errors inherent in tubing- 
connected cells. Different lengths of cylinders from % to 
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SANDWICHES 
ARE SPECIAL... 


SPECIAL FOR 


” KILLING CORROSION! 


“Chrome Lock on Metal” is the latest thing 
on the anti-corrosion menu. This new, low-cost, 
protective gasketing material consists of a high 
grade felt, impregnated with a special blend of 
resins, plasticizers, inert pigments and chromates. 
It inhibits corrosion and electrolysis, provides 
a positive seal against moisture, air and dust. 

Like ordinary felt, it has unending cushioning 
and deterioration-resistant qualities. 

Chrome Lock’s current uses include the seal- 
ing of metal windows, electronic control panels, 
air conditioning products, electrical equipment, 
railroad cars and many others. 

Chrome Lock is the ideal seal wherever anti- 
corrosion, anti-electrolysis and anti-aging prop- 
erties are required. It may very well be the 
answer to your own protective gasketing prob- 
lems. CLIP THE COUPON TO YOUR LET- 
TERHEAD AND MAIL—NOW! 


® Spring Packing Corp. Engineers are available 
in all principal cities. Their over 30 years’ as- 
sociation with the railroad industry in the de- 
velopment of packings, gasketings, retainers 
and other industrial products, provides a 
background of experience that will be of 
real value in solving your own gasketing 
problems. 


Manufactured by 
Products Research Company 


SPRING PACKING CORPORATION 


332 SOUTH MICHIGAN AVENUE, CHICAGO 4, ILLINOIS 
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CHROME LOCK’S PRESSURE SENSITIVE 
ADHESIVE BACK AIDS PRODUCTION 
MANY WAYS: 


1. Cuts application time. Applied 
as fast as it can be unrolled. 


2. Holds the gasket in place 
while the joint or other work is 
handled. 

3. Eliminates glueing or tying 
operation. Eliminates clean-up. 


4. Regular rolls can be used to 
gasket square-cornered flanges. 
Merely lap or butt at corners. 


5. Adheres to metal, wood, plastics, tile and nearly 
every surface—vertical, overhead or horizontal. 


There is no other product on the market like Chrome 
Lock. 


CLIP THIS COUPON TO YOUR LETTERHEAD AND 
MAIL—NOW! 


SPRING PACKING CORPORATION 
332 S$. Michigan Ave., Chicago 4, Illinois 


___Please send me your new Engineering Folder 


No. EM-1050-2 


___Have your local representative call on me. 
NAME 
COMPANY 


ADDRESS 
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BINDING POSTS TWICE 


ACTUAL SIZE 


SOLDER LUG 


FIBRE TERMINAL PLATE 


Lionel designed this non-turning, self-fastening 
binding post for making electrical connections to 
model railroad equipment, such as coal loaders. 
A multi-purpose fastener for a high quality 
product, it must be prefabricated with precision, 
speed and economy. Progressive provides the 
perfect facilities for specials such as this. 


A combination tubular rivet and threaded post, 
the connector eliminates separate parts such as 
nuts and lock-washers, excludes expensive hand 
operations and permits multiple assembly. Made 
of headed stock, it curls without cracking. 
Serrations lock the post to keep it from turning. 
Tubular section holds the post to its base and 
may be used further to hold a soldering lug, etc. 
Drawing detail above shows the multiple func- 
tions performed by the fastener. 


Special fasteners are our specialty. IF IT’S 
SPECIAL, see PROGRESSIVE. 


WRITE FOR OUR CATALOG 
IT MAY SAVE YOU MONEY 


MANUPACTURING COMPANY 


44 NORWOOD ST., TORRINGTON, CONN. 


SALES OFFICES: SAN FRANCISCO, LOS ANGELES, 
PORTLAND, DETROIT, PHILADELPHIA, CLEVELAND, 
SEATTLE, BOSTON, SYRACUSE, ST. LOUIS, CHICAGO. 





Y% in. permit installation in many wall thicknesses. With a 


natural frequency of about 2400 cps, frequency response js 
uniform between 0 and 400 cps. Cells are not subject to 


vibration or acceleration error. Sizes available for pres- 
sure ranges from +2.5 to +10 psi. Electronic Associates, 
Ltd., 778 El Camino Real, San Carlos, Calif. 


For further information, circle No. 35 on Reader Inquiry Facility, page 167 


PRE-SHAPED STEEL BARS 


Steel bar stock, cold drawn in special sections to fit spe- 
cific uses, can be used to minimize or eliminate machining 
operations in the quantity-production of steel parts. In 


some cases machining can be reduced to a simple cutoff 
operation. Types of steel now available in pre-shaped form 
include various standard SAE and AISI carbon steels, case 
hardening steel, standard mild steels and free cutting steels. 
A. Milne & Co., 745 Washington St., New York 14. 


For further information, circle No. 36 on Reader Inquiry Facility, page 167 


HYDRAULIC PRESSURE SWITCH 


Cartridge-type hydraulic 

pressure electric switch, 

Model HPES, is designed 

for control of electric cit- 

cuits by means of hydraulic- 

pressure actuation. Switch 

will cut-in and cut-out elec 

tric circuits with as little 

as 12 to 18 per cent pressure 

differential. Unaffected by 

temporary or sustained pres 

sure surges, unit will also 

withstand a wide temperature differential from —65 to 
160 F. Snap-switch component is designed primarily for 
a-c circuits, but may be used in d-c circuits in many 4 
plications when conventional protective devices are er 
ployed. Contacts are UL-approved for: 10 amp 125 volt, 
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(1/20 to 15 hp) 


Alternating Current 
ae ee aa aR eee Direct Current 


Universal 


G iz With Speed Reducers 
g A N Synchronous 


Single Phase 
OF INDIVIDUALLY DESIGNED MOTORS AND GENERATORS amas 
Standard Frequency 
High Frequency 
Variable Speed 
Torque Motor 
Brakemotor 
Shaftless Motor 
Drip Proof 
Splash Proof 
Water Proof 
Water Tight 
Submersible 
Explosion Proof 
Totally Enclosed 
Enclosed Fan Cooled 
Pipe Ventilated 
Self Ventilated 


DYNAMOTORS 


DC to AC Standard Frequencies 
DC to AC High Frequency 
DC to DC Low Voltage 
DC to DC High Voltage 


GENERATORS 


Alternating Current 
Permanent Magnet 
Direct Current 
Single Phase 
Polyphase 
Standard Frequency 
High Frequency 





Aircraft 
APPLICATION — Esco designs and builds more different types of electric ens 
motors, conversion units, and power generation equipment than any other Moving Picture 
manufacturer. High Frequency Radio 
CHOICE — Every unit is individually designed to meet exactly the require- GENERATOR SETS 
ments of a specific application. There is no need to choose between several 
“almost right” standard units. (AC and DC) 
QUALITY — Every unit is dynamically balanced and individually tested under — a Sets 
full load conditions before it can pass the rigid Esco inspection system. Gasoline Electric Generator Sets 
Have you an “Unusual” motor or power supply problem? Esco engineers, Disesl Eleeiic Generator Sots 
since 1913, have produced over 15,000 different “tailor-made” designs to CONVERTORS 
meet the exact requirements of unusual applications. Write for Catalog 46-1 
describing the range of units available. Standard Convertors 


Phase Convertors 
Frequency Convertors 
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171 SOUTH STREET STAMFORD, CONN. 
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ANCHORED-FOR-PERMANENCY 


STRAIN RELIEFS 


Wherever exterior cables or cord conductors are used to 
provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 Ibs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 


GRIPMASTER ALL-METAL TYPE 


A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with a pair of special pliers. 
Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
onchored and protects terminals 
against loosening. 


GRIPMASTER CLICKON TYPE 


All fibre, this type is designed to re- 
duce failures and protect the useful 
life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 
absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 


GRIPMASTER INSULATED TYPE 


For all types of cord equipped elec- 
trical equipment. Particularly suited 
to volume production. May be ap- 
plied by means of a special hand 
tool or foot pedal—operation 
bench unit. Forms a neat, compact 
ring around cable. Available in 7 
different sizes. 


4,4, 


- WIRE BINDING SLEEVES 

For prevention of fraying of 
cord ends. Specially treated 
rubber tubes available in 
five sizes to fit wires to .790 


GEORGE WALKER COMPANY 


GRIPMASTER STRAIN RELIEF 


so rmmeree 


Ln 


118 AMSTERDAM AVENUE PASSAIC NEW JERSEY 
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5S amp 250 volt and 3 amp 460 volt a-c. Contacts available 
are SP, NO or NC, and SPDT. Hydraulic Div., Pantex 
Manufacturing Corp., P. O. Box 660, Pawtucket, R. I. 

For further information, circle No. 37 on Reader Inquiry Facility, page 167 


FOUR-WAY SOLENOID VALVE 


Momentary contact double-solenoid-operated 4-way valve 
is for operation of double-acting low-pressure hydraulic or 
air cylinders where pressure has to be held on one side of 
cylinder for a period of time. Primarily for use as a safety 
control, valve is reversed by momentarily energizing a 


solenoid; thus cylinder is held in position without necessity 
of holding either solenoid energized. Power failure will not 
reverse valve or cylinder. Valve is available in 3- and 
34-in. full-orifice size, with the option of any size pipe taps 
in base. Only moving part in valve body is a chrome-plated 
aluminum alloy spool on which seals are mounted. No 
springs are used. Mechanical Air Controls, Inc., 5427 
Hecla Ave., Detroit 8. 

For further information, circle Ne. 38 on Reader Inquiry Facility, page 167 


THERMOSETTING ADHESIVE 


Anhydrous thermosetting adhesive, R 313, is applied cold 
and chemically cures in about 8 hr at room temperature or 
in about 20 min if baked at 150 F. Adhesive is 100 per cent 
solids. After curing, material has a compressive strength of 
14,000 psi, flexural strength of 7000 psi and a shear strength 
of 2500 psi. It has a heat resistance from —100 to +400 F. 
Dielectric constant is 5.6 at 100 cycles, 5.0 at 1 ke and 47 
at 10 ke. Will bond all types of metals, glass and plastics. 
Adhesive is non-porous and a good sealant, and can be used 
in place of solder in hermetic sealing? Carl H. Biggs Co., 
11616 W. Pico Blvd., Los Angeles 64. 


For further information, circle No. 39 on Reader Inquiry Facility, page 16/ 


ROD AND BAR CUTTER 


For cutting or “parting-off” 
rods and bars without crushing 
the material or distorting the 
shape, Di-Acro Power Parter will 
cut as rapidly as operator can ad- 
vance bar and engage foot lever. 
Machine uses compressed air and 
operation is initiated by a four- 
way foot valve leaving both hands 
of operator free to handle mate- 
rial. Will cut rods up to % im 
diam; ten holes are provided im 
standard cutting head ranging 
from \%e6 to % in. in steps of M4 

in. Special size round holes can also be supplied. Square, 
rectangular, hexagon and other shaped bars can be cut; for 
these shapes, cutting heads are made to order. Machine 
measures 15 x 28 x 40 in. O’Neil-Irwin Manufacturing Co. 
Lake City, Minn. 


For further information, circle No. 40 on Reader Inquiry Facility, page 167 
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Now you can obtain silicone rubber parts with remarkable new thermal 
and mechanical properties. Parts fabricated from General Electric’s 
improved silicone rubber (G-E 12650) are serviceable over a tempera- 
ture range of —85 to 550 F. They have high tensile strength, high 
elongation and tear strength, and excellent electrical properties. With 
this new G-E silicone rubber, you can obtain parts heretofore imprac- 
tical with other silicone rubbers. 


DEPEND ON G. E. 


General Electric’s specialized fabricating service is ideally equipped 
to supply the silicone rubber parts you need. This specialized service 
fabricates only silicone rubber compounds—your assurance of high- 
quality parts uncontaminated with other materials. Special molding 
and extruding techniques are employed, using either G. E.’s own 
quality-controlled compounds, or any commercially available com- 
pound specified by a customer. General Electric, a pioneer in the 
development of silicone rubber, has tremendous “know-how” gained 
through designing hundreds of applications. Put this specialized fab- 
ricating service to work for you!/* 


samneseeneer ence neomaaR. 


Ideal for Diesel Gaskets. Heat- G-E Silicone Rubber Defies Cold. 
resistant G-E silicone rubber gas- G-E silicone rubber is ideal for lew- 
kets withstand continuous operation temperature applications, too. It 
at 300 F under 15 psi air pressure remains elastic and non-brittle at 
in this Diesel engine. temperatures far below zero. 


* Address inquiries to Section F-1, Chemical Department, 
General Electric Company, Pittsfield, Mass. (In Canada: 
Canadian General Electric Company, Ltd., Toronto.) 











Laboratory and 
Engineering 


To obtain additional information on items 
reviewed below, the Reader Inquiry Fa- 
cility with postpaid return cards is pro- 


vided on page 167, where titles and key 
numbers are repeated for convenience. 
Fill out card, circle numbers desired 
and mail, 































No electrical appliance can be a bit better 
than its Cord Set. Hundreds of leading man- 
ufacturers are now forestalling trouble that 
means CORDelirium to the ultimate user, by 
equipping their whole output with CORNISH- 
branded Cord Sets. Our engineers are con- 
stantly at work on special problems of this 
kind, Remember . . . ALL CORNISH units 
embody 


INTEGRAL ONE-PIECE 
MOLDED-ON PLUGS 


ee 
SURE CONTACT 
SPRING ACTION BLADES 
ten 
U-L APPROVED CORDS 





















































BRIDGE BALANCE INDICATOR 


Sensitive null indicator, Model 208-A, 
for d-c bridges, converts bridge unbal- 
ance into an a-c voltage which is then 
indicated on a built-in 5-in. cathode-ray 
tube with long persistance. A 50- 
microvolt d-c signal will produce a 4-in. 


















They are designed and manufactured in 
accordance with the latest and most scien- 
tific principles . . . to build GOOD WILL for 
YOUR trademark through longer and more 
satisfactory operation on the job. 





deflection. Gain is variable in decimal 
steps. Input resistance is greater than 2 
megohm and internal noise is less than 
5 microvolt. Unit operates from 115 volt 
60 cycle. High resistance values can be 
| measured and indicator may be used as 
| a null detector in rf power bridges. Unit 
| is housed behind a panel for standard 
| 19-in. rack. Industrial Control Co., 1462 
Undercliff Ave., New York 52. 
See No. 41, Reader Inquiry Facility, page 167 








TUBE CHECKER 

Line of tube testers use a free-point 
free-reference system in which every 
tube element has an independnt circuit 









is your best heat-resistant hookup and lead wire, U-L 
jopproved at 90°C. Not extruded plastic; uniform 
diameter assured, eliminating “blobbing” and “nick- 
jing”. We have your gauge and color. Write today. 


] UR ITNT) (Cra A 


Branch Offices 


PHILADELPHIA BRIDGEPORT CLEVELAND CINCINNATI CHICAGO and switching system. Two additional, 
DETROIT MINNEAPOLIS ST.LOUIS ATLANTA not used, element circuit switches and 
DALLAS DENVER LOS ANGELES SAN FRANCISCO’ SEATTLE | two additional socket blanks are pro- 


ELECTRICAL MANUFACTURING 


What made this RCA Victor radio-phonograph an 

over-the-counter success? First, its two-for-one value 

...combining the radio and record player in one neat, 

» compact package. Second, the eye-appeal of its trim, 

MPc molded plastics : ath net design. Third, fia more-for-your- 

money price tag. 

In achieving all three of these sales-winning virtues, 

Cd. 4 Cade the MPc-molded cabinet played a major part. Molded 

plastics inexpensively produces the complicated shape 

needed to house the dual mechanism. Plastics adds 

FOR THIS RADIO-PHONOGRAPH color...sleek lines...mold-perfect finish. Ingenious 

mold design cuts assembly costs by providing molded-in 

BY RCA VICTOR openings for dial and controls, as well as cored studs 
to take self-tapping assembly screws. 

And in this case, the inventive use of plastics can 

often lift a product above competition. Making 

plastics perform to your commercial advantage is our 

business, here at MPe. Submit your plastics 

product or problem to Mo.pep Propucrs 

CorporaTIon, 4535 W. Harrison St., 
Chicago 24, Ill. 
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with STAR-KIMBLE BRAKEMOTORS 


€ start-and-stop cycles are toughest, you'll find Star Brake- 
ors on the job, hour after hour, day after day! 






The extra-large braking area of Star-Kimble Brakemotors assures 
quick stopping, positive holding of the load—gives long service life 
with little maintenance. Small air gap between electromagnets and 
brake disc results in extremely fast release—allows motor to start 
smoothly, without friction drag. Other features: 








Brake discs mounted close to motor for low wear and strain on shaft 





and@.bearings. Magnets mounted away from motor for cool operation. 
Quick, simple adjustment of braking torque. Automatic re-set hand 





release—an exclusive, patented Star-Kimble feature. 





Remember . . . a Star-Kimble Brakemotor is a com- 
pact, integral unit—motor and brake built together 
to work together. Each Star-Kimble Brakemotor is 
designed for specific service requirements—by the 
company that pioneered disc brakemotors and has 
applied them successfully, for more than 25 years, 










Want to know how Star-Kimble 
Brakemotors work —what torque 
and motor ratings are available? 
Write for free Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION OF 
LE PRINTING PRESS & MANUFACTURING CO. 


200 Bloomfield Avenue 


















Bloomfield, New Jersey 

















vided for new tubes. Approximately 
1000 listings are on roll chart. Testers 
have short leakage tests. Available in 
open-face model 323C and combination- 
case model 323PC, shown. Radio City 
Products Co., Inc., 152 W. 25th St., New 
York 1. 
ee No. 42, Reader 


Inquiry Facility, page 167 












D-C MICROVOLT METER 


Vacuum-tube d-c microvolt meter has 
a full-scale sensitivity of 10 microvolts 
with an input impedance of 1000 ohms, 
Contact-type d-c modulator, instead of 
periodically opening and _ interrupting 
incoming d-c signal, charges a condenser 
from the measured d-c voltage which is 


then discharged through a pair of con- 
tacts to a tuned transformer. Pulse is 
then amplified, rectified and measured. 
Reads 0.5 microvolt to 1 volt d-c in 11 
ranges. Meter operates from 115 volt 60 
cycle supply. Measures: 7x 12x6 in. 
Millivac Instrument Corp., P. O. Box 
3027, New Haven, Conn. 

ee No. 43, 


Reader Inquiry Facility, page 167 


TENSION TESTER 


Small spring scale is for testing ten- 
sions or pressures in instruments. Tester 
is made with “push-pull” terminals, alli- 





gator clamps or insulated thong (for 
brush tension testing), and is supplied in 
capacities from 12 oz to 12 lb. All 
Weather Springs, 140 Cedar St., New 
York 6. 

ee No. 44, Reader Inquiry Facility, page 167 


ELECTRIC FURNACES 


Installation of Temco line of electric 
furnaces is made simple and easy by 4 
pre-wired control panel which attaches to 
furnace body. Panel is available with 
several sizes of furnaces and _ houses 
temperature controller together 
load-carrying relay, thermocouple 
and fused disconnect switch. Either # 
fully automatic electronic pyrometer 
controller, or a manually operated cot 
troller-indicator may be used in 
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PROVIDE DEPENDABLE 
BEARING PROTECTION. 


Here are a few of the most 
widely used models of 
KLOZURES which are giving 
superior service in thousands 
of difficult installations. 


*REG. U.S. 
PAT. OFF. 


Above—Model 91B—A spring- 


loaded seal of small cross sec- _ 


tion, with the metal reinforcing | 
member surrounded by rubber. 


—_— ad 
Mode! 64—A strong, effective 


seal for heavy duty on shafts of 
the largest diameter. 


PATENTED 


Garlock KLozuRE Oil Seals 

have established outstanding 

service records on many kinds and 

types of equipment where the sealing 

of the lubricant in a bearing and the ex- 
clusion of dirt and foreign matter from a 
bearing have presented a difficult problem. 


KLozuREs are produced in a variety of types and 
models and in awide range of sizes including Metric 
QO. D. to fit bearing manufacturers’ standard bores. 


THE GARLOCK PACKING COMPANY 
PALMYRA, NEW YORK 


In Canada: The Garlock Packing Company 
of Canada Ltd., Montreal. Que. 


S UPERIO“R FKertormance 


FEBRUARY 1951 





CAPACITY 100 LBS. 
Produces Vibrations 
Vertically. All Controls 
In Easy Reach. 


you can be sure if your products pass a vibration fatigue test—substantiates 
design and construction materials—frequently exposes excessive material. Many 
things can be learned from tests. A “must” for electronic, aircraft and automotive 
parts and assemblies. Hundreds in use. Models to handle parts from 10 Ibs. to 100 
lbs.—choice of vertical or horizontal table movement. Frequencies of 600 to 3,600 
v.p.m. Special machines to order. Catalog F contains treatise. 


Made by makers of ALL AMERICAN PRECISION 
DIE FILING MACHINES 


Ze 
4% LS DT 
Tool & Manufacturing Co. 
FULLERTON & SHEFFIELD, CHICAGO 14, ILL. 


ang A A SRE a de Se: 


@\Je IS ALWAYS OUTSTANDING! 
IN COUPLINGS IT’S 


LOVEJOY :- 
BeOAD MM AUU AER 


For outstanding performance from a 
flexible coupling, be sure it is a Lovejoy. 
They offer the most dependable correc- 
tion for misalignment, vibration, surge 
and backlash. Free-floating cushions are 
held between strong metal jaws, and 
they may be changed WITH NO 
SHUT-DOWNS. No metal-to-metal 
transmission . . . no metal wear... 
no lubrication. Cushions for every duty 
... 1/6 to 2500 H.P. 


Write for this complete Lovejoy 
catalog and valuable Quick-finding 
Selector Charts. 


LOVEJOY FLEXIBLE COUPLING CO. 


5020 W. LAKE STREET 


CHICAGO 44, ILLINOIS 


Also Mfrs. Lovejoy Universal Joints and Lovejoy Variable Speed Transmissions. 
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control panel. Furnaces are available in 
various sizes and are designed for hard- 
ening, drawing, annealing, pre-heating for 


high-speed hardening and general lab- 
oratory work requiring temperatures up 
to 1900 F. Thermo Electric Mfg. Co., 
480 W. Locust, Dubuque, Iowa. 


See No. 45, Reader Inquiry Facility, page 167 


STRAIN GAGE 


Bonded resistance-wire strain gages, 
Type SR-4, are self-compensated for 
temperature variation. Types available 
for use on Dural and steel in the form of 
single elements, double elements, and 
rosettes. Basically, units are similar to 
standard phenolic gages with cupro- 


=, 


nickel wire and application is by same 
methods. Two temperature ranges are 
offered: 50-300 F and —50 to +800 
deg F. Single-element gages are now 
in stock in four lengths: %4, %6, 1% 
and % in. Temporarily, double elements 
and rosettes will be available on special 
order. Baldwin-Lima-Hamilton Corp., 
Paschall P.O., Philadelphia 42. 

See No. 46, Reader Inquiry Facility, page 167 


INSULATED TOOLS 


Especially designed for live work in- 
volving dangerous voltages, line of 
screwdrivers and socket wrenches are 
completely insulated except for the 
working edge. Insulation on standard 
tools is factory-tested to 10,000 volts. 
Screwdrivers are available with blade 
lengths from 8 to 8 in.; sockets for % to 
5¢-in. hex nuts. H. K. Porter, Inc., Somer- 
ville 43, Mass. 

See No. 47, Reader Inquiry Facility, page 167 


DOUBLE-PULSE GENERATOR 


Model 902 generator produces two 
pulses individually controllable in width, 
amplitude and time relation to each other. 
Amplitudes are individually adjustable 
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Insure constant plate and filament voltage 
for your electronic products with standard 
SOLA “CVE” POWER TRANSFORMERS. 


Specify the new SOLA 
“CVE” Constant Voltage 
Power Transformers in 
your circuit design to 
eliminate the variable of | 
fluctuating line voltage at 11 nL 
unusually low cost. Regu- Pigg orbits 
lation of filament and | i 

plate supply is +3% at 
line voltage variations 
from 100 volts to 130 volts. 


4a 


} 
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REGULATION COMPARISON 
SOLA “CVE” Power Transformer— 
Typical Ordinary Power Transformer— 


SOLA ELECTRIC CO Es $20 
CHICAGO, WL, U.S.A Ej 


The SOLA “CVE” standard Power Transformers are completely 
automatic and continuous in regulation .. . have no moving parts 
or tubes .. . and are self-protecting against short circuit. They are 
stocked in 42 V.A., 75 V.A. and 210 V.A. capacities to cover most 
electronic power supply requirements. We invite your inquiries on 
the application and benefits of the moderately priced “CVE” 
Constant Voltage Power Transformers to your product. For full 
electrical and mechanical specifications write for Bulletin B-CVE-138. 


SOLA ws ns 


"CV" for high precision voltage regulation. “CVE” for regulated electronic — 
power supplies. “CVH” for constant voltage with less than 3% harmonic | 2 0 0 me te 
distortion. “CVA” for constant voltage on television receivers. PRIMARY VOLTAGE 


D.C.OUTPUT VOLTAGE 


FILAMENT VOLTAGE 
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Here’s why 
those in the know 
demand- 







superior 








Solid bar stock keeps 
flux and solder out of 
the connector. 


Phosphor bronze 
“napkin ring” 










contact 


design 


Because the contact is the key to the 
success of any electric connector, Can- 
non has always applied the highest order 
of skill and care to this all-important 
detail. Cannon pin and socket contacts 
are all precision machined from solid 
bar stock. Silver or gold plating main- 
tains high conductivity after years of 
constant use. Phosphor bronze “napkin 
ring” of the socket keeps pressure on 
large areas of heavy metal, preventing 
current loss. There are no thin metal 


ge 





5 Twinax 














Hand-tinning keep 
solder inside cup 







tangent contact points in Cannon con- 


tacts. (See below). Solder cups are care- | 


fully tinned by hand to keep the solder 
inside the cup. Cannon socket contacts 
are full floating to assure perfect align- 
ment. You'll find these design features 
throughout the great variety of pre- 
cision contacts used in all Cannon con- 
nectors. For real value demand Cannon. 


@e 


Cannon design (above left) makes con- 
tact on large, heavy metal surfaces. 
Current is not carried through spring 
section. In Cannon Connectors there 
are no thin metal tangent contact 
points, like the design shown at right. 


CANNON 





Since 1915 

LOS ANGELES 31, CALIFORNIA 
REPRESENTATIVES IN 
PRINCIPAL CITIES 


In Canada & British Empire: Cannon 
Electric Co., Ltd., Toronto 13, Ontario. 
World Export (Excepting British Em- 
pire): Frazar & Hansen, 301 Clay St., 
San Francisco, California. 


ELECTRIC 








from 0 to +50 and 0 to — 200 volts, 
Pulse rise time is 0.05 microsec, decay 
time 0.10 microsec; duration is indi- 
vidually adjustable from 0.15 to 15 
microsec. Spacing between the two 
pulses is continuously variable in two 











ranges, —0.5 to +3 microsec. Repe- 
tition rate is adjustable in 3 ranges 
from 1 to 1000 cycles, and can be ex 
ternally triggered. Output impedance is 
about 400 ohm; maximum output voltage 
is — 200 volts. Accuracy is + 5 per cent 
over entire range. Berkeley Scientific 
Co., 6th and Nevin Sts., Richmond, Calif, 
ee No. 48, page 167 


Reader Inquiry Facility, 










Manufacturers’ 
Literature 


To obtain copies of these publications on 
materials, components and engineering 
services, use the Reader Inquiry Facility 


on p. 167; fill out card, circle key 
number and mail. 


AUTOMATIC CONTROLS — Catalog 
700 of 64 pages gives description, fea- 
tures, specifications and prices for line 
of air conditioning, level, oil-burner, 
pressure, refrigeration, temperature and 
unit-heater controls. In addition, catalog 
includes sections on mercury relays and 
mercury switches. The Mercoid Corp. 

See No. 49, Reader Inquiry Facility, page 167 


SOLENOIDS—Engineering data on TT 
series of solenoids are included in four 
2-page bulletins, CF-105 to 108 inclusive. 
Bulletins contain information on con- 
struction, design and dimensions; also 
pull and current curves. Soreng Manu- 
facturing Corp. 

See No. 50, Reader Inquiry Facility, page 167 


GEARMOTORS — Right-angle gearmo- 
tors (Motoreducers) are illustrated and 
described in 16-page engineering bulletin 
3110. Specifications: input speeds up to 
1750 rpm; ratio ranges 5.00:1 to 972:1; 
approximate range, 1 to 50 hp. Can be 
used for horizontal or vertical mounting. 
The Falk Corp. 

See No. 51, Reader Inquiry Facility, page 167 


CERAMICS—Bulletin 502 of 4-pages 
discusses requirements of electron-tube 
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WILBUR B. DRIVER COMPANY 


150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 
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no matter the shape or size . . . from drawer handles 
to driving wheels . . . in plastics, from acetate 
through neillite to zyrox . . . by injection, 
compression or transfer molding .. . 























If your part comes from Watertown — It’s got to be right 














Our equipment is up to the minute... 

Our laboratory is second to none... 

Since 1915 precise perfection in plastic parts 

has been our bread and butter . .. Why not benefit 
from those long 35 years of knowing how? 








































Whether your job is simple 





or complex . . . won't you 


call on us? WATERTOWN MANUFACTURING COMPANY 
400 Echo Lake Road, Watertown, Connecticut. 
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insulators and outlines characteristics of 
ceramics adapted to these needs. Chart 
gives detailed physical characteristics of 
five most frequently used ceramic com- 
positions. America Lava Corp. 

See No. 52, Reader Inquiry Facility, page 167 


CABLE INSULATION—“Applications of 
Neoprene and Cold Rubber in Electrical 
Cable” is a 2-page paper by Carl E, 
Huxley in which cold rubber as an in- 
sulating material and neoprene as a jack- 
eting material for portable electric cords 
and cables are discussed and compared 
with other polymers. Western Insulated 
Wire Co. 


See No. 53, Reader Inquiry Facility, page 167 


STRIP-CHART RECORDERS—Twelve- 
page bulletin W1821 describes Series 
500 electronic strip-chart recorders for 
resistance measurements. With proper 
circuits, instruments can record tempera- 
ture, resistance, power, conductivity, 
strain, position, inductance, pressure and 
force. Features, models available, princi- 
ple of operation, specifications given. The 
Bristol Co. 


See No. 54, Reader Inquiry Facility, page 167 


COUNTERS—Line of mechanical count- 
ers for built-in use is described in 4-page 
bulletin SK-22. Types included: stroke, 
hand tally, revolution and measuring. 
Five to seven digits. Production Instru- 
ment Co. 

See No. 55, Reader Inquiry Facility, page 167 


PACKINGS, GASKETS — Features of 
packings and gaskets made from Teflon 
are given along with information on how 
and where to use them in 8-page catalog. 
Packing and gasket forms available are 
illustrated and range of sizes given. The 
Garlock Packing Co. 

See No. 56, Reader Inquiry Facility, page 167 







SILICONE TAPE—Application and tech- 
nical data on Silastic tape, Type R, Class 
H electrical insulation are given in 2 
page bulletin 680. Tape is a woven-glass 
cloth coated with a partially vulcanized 
silicone rubber. Insulation Manufacturers 
Corp. 

See No. 57, Recder Inquiry Facility, page 167 


INSULATION TESTERS—Bulletin 5A 
of 4 pages illustrates and describes 13 
models of “Hypot” high-potential in- 
sulation testers. Mobile and semiportable 
testers have capacities from 360 va to 
5 kva with a-c test voltages from 3000 
to 30,000 volts. Associated Research, 
Inc. 

See No. 58, Reader Inquiry Facility, page 167 


SOLDER—Two-page bulletin 12C de- 
scribes Shurflo rosin-core solders. Vari- 
ous alloys, flux content and sizes; diam- 
eters as low as 0.010 in. Anchor Metal 
Co. 

See No. 59, Reader Inquiry Facility, page 167 


LAMINATED PLASTICS — Practical 
methods of machining laminated plastics 
are discussed in 6-page illustrated folder. 
Information included on design and ma- 
chining techniques, tool speeds 

recommended machine set up. Full-page 
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Arrow points to THERMOSWITCH 
unit which controls operation 
of grate in this mod- 

ern anthracite home 

heater. 


Developed in the Laboratories of the Anthracite Institute 


Outstanding among anthracite home heating 
equipment, the Axeman-Anderson Anthratube 
stokes itself automatically, burns up to 38% less 
fuel than ordinary coal furnaces, and captures over 


80% of the coal’s usable heat. A feature of its effi- 


cient operation is a self-shaking grate, and a basic 
design-problem was to devise a means of actuating 
this grate at the proper times for ash removal. 
Since ash is not formed at a constant rate, timing 
devices were precluded. 


Thermostatic control was indicated, but it was 
found that when any of various standard thermo- 
stats were placed in or near the fire they either 
could not stand the temperature or were too slow 
in operation. 

The solution was a Fenwal THERMOSWITCH 
unit, placed about six inches in front of the grate 
bed, where it responds by “‘seeing’”’ the radiant 
heat from the fire bed. When ash collects, the 
THERMOSWITCH control can no longer ‘“‘see’”’ 
the fire and, therefore, the shell temperature drops, 
closing the operating circuits, causing the grate to 


ee er 


a 
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move forward and back, dumping the ash, until the 
fire is again “‘visible”’ to the control. 


The activating element of THERMOSWITCH 
thermostats is the single-metal shell that expands 
or contracts instantaneously with temperature 
changes, making or breaking the totally enclosed 
electrical contacts. This unique performance has 
proved to be the logical answer to the widest var- 
iety of control problems. 


It may be your answer. Why not send for further 
interesting facts that will help you decide. Mail the 
coupon today! 


_ THERMOS 


Set ESO a aa ee 


WITCH 


-but Only to heat 


FREE G Get this bulletin... see what Fenwal | 
© THERMOSWITCH units can do for you. | 
Just fill in coupon and mail . . . no obligation. | 


FENWAL, INCORPORATED, 12 Pleasant St., Ashland, Mass. | 
12 South Burlington Ave., Los Angeles 4, Cal. 


TEMPERATURE CONTROL ENGINEERS 


1 am chiefly interested in the applications checked: 


0 Heating 


D Alarm (over-temperature, 
| under-temperature) 0 Vapor Level Control 


0 Timing (thermal) 0 Radiant Heat Control 
© Pressure Control (by controlling vapor temperature) 


1 Cooling © Humidity Control or De- 
tection 


a eS 
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WHAT a E TWO 
MOST IMPORTAN by INGREDIENTS” 
OF A MGS ORMBRUSH? 











































ost small motor brushes are made from the same 
basic materials, on the same type of equipment, 
under much the same conditions. What then, makes 























one line of brushes so outstandingly superior to another for a 
given application? 

Here at Stackpole, we’re convinced there are two chief factors 
involved: (1) Laboratory Engineering by brush experts who pro- 
duce a brush formula for the specific product involved under 
actual operating conditions and, (2) Statistical Quality Control 
that covers brush processing from the base materials through 
every step of manufacture. Characteristics are carefully con- 
trolled, maximum uniformity assured. 


Long experience proves that, backed by these two basic Stack- 
pole ingredients, almost any small motor brush performance 
can be materiaily improved. 


© Stackpole brushes are sold only to makers of original equipment @ 






Write today for your copy of this 
helpful 44-page Brush Users’ Guide 


STACKPOLE CARBON CO. 
ST. MARYS, PA. 






chart gives properties for 17 grades of 
plastics. Synthane Corp. 
See No. 60, Reader Inquiry Facility, page 167 


INDUCTION MOTORS — Three-phase 
adjustable-speed induction motors, Type 
AVC, are described and illustrated in 8- 
page bulletin 5.1331. Construction de- 
tails, operation data, characteristics, di- 
mensions and enclosures given. Belgian 
Electric Sales Corp. 

See No. 61, Reader Inquiry Facility, page 167 


| PLASTICS MOLDINGS— Discussion and 
recommendations concerning inorganic 
plastics moldings for electrical insulators 
/ are included in 6-page bulletin 100. 
| Complete data on general characteristics 
of plastics are listed. Rostone Corp. 
See No. 62, Reacer Inquiry Facility, page 167 


METALLIC BELLOWS -- “What _ to 
Consider When Selecting a Metallic Bel- 
lows,” an 8-page bulletin, lists types of 
bellows, construction, filling medium, 
life data and applications. Sizes and 
characteristics of bellows in line are 
listed in tabular form. Clifford Manu- 
facturing Co. 

See No. 63, Reader Inquiry Facility, page 167 


AIR-DRIVEN ACTUATORS — Line of 
solenoid-operated air-driven actuators is 
described and illustrated in 24-page bul- 
letin CL-30. Many applications are shown 
as well as data on characteristics and 
| dimensions. The Bellows Co. 

See No. 64, Reader Inquiry Facility, page 167 


| HEAT TREATING SERVICE—Stainless 
steel hardening and annealing service 
is described in 4-page bulletin B-71. 
Illustrations show typical examples of 
work performed. The Drever Co. 

See No. 65, Reader Inquiry Facility, page 167 


HYDRAULIC CYLINDERS — Catalog 
233-A of 28 pages contains illustrations, 
specifications, design, construction and 
operation features, and suggested uses for 
high-pressure hydraulic cylinders. Work- 
| ing pressures up to 1500 psi; many 
mountings. Hanna Engineering Works. 

| See No. 66, Reader Inquiry Facility, page 167 





| FASTENERS—Line of self-locking nuts, 
| clinch nuts and special fastenings are 
described in 4-page bulletin. Locking 
action provided by nylon insert in body 
of fastener. The Nylok Corp. 

| See No. 67, Reader Inquiry Facility, page 167 


| PORCELAIN ENAMEL —Eighteen-page 
brochure describes various applications 
for porcelain enamel and outlines char- 
acteristics. Latter part of brochure ex- 
| plains porcelain enameling processes. 
| Porcelain Enamel Institute, Inc. 

See No. 68, Reader Inquiry Facility, page 167 


| PRE-SHAPED STEELS—Information on 
| steel bar stock, cold drawn in special 
sections, is given in 4-page bulletin 
AM-100. Drawings show a few of shapes 
| available. A. Milne & Co. 

| See No. 69, Reader Inquiry Facility, page 167 





OSCILLOSCOPE CAMERA—Model F- 
284 oscilloscope camera, an adaptation 
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Custom built electric motors 


from Standard Parts by... | 
| 


| 
| 
| 
| 





























FRAME 
DIAMETER 


Whatever your needs in speeds and performance ratings for electric 
motors from 6 to 120 volt, d.c., and from 1/100 to 6 h.p., you can get 
them from Pesco more quickly and economically because of Pesco’s 
engineering development of six co-ordinated frame sizes. 

The result of years of experimental engineering research to pro- 
duce a series of electric motors that would compliment Pesco’s 
precision built hydraulic, fuel and vacuum accessories, these electric 
motors are suitable for a wide variety of special applications in 
aircraft and industry. 

Pesco’s unique method of using standardized parts means greater 
interchangeability, simplifies spare parts stocks, eliminates duplica- 
tion of parts and minimizes service requirements. 

Write today and tell us what your requirements are. We will 
tell you promptly how Pesco custom-built electric motors, from 
standard parts, will meet those requirements most economically. 


24700 NORTH MILES ROAD BEDFORD, OHIO 
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crystal cases 

relay boxes 

selenium rectifier stacks 
transformers 


parts identification 
on boxes and cartons 


YOU CAN MARK THEM ALL WITH THE KD 8 


Here’s a really versatile machine—the Markem KD 8. And its 
talents are particularly suited for saving money in the electronics 
field. With a KD 8, you can mark many different sizes of parts, 
containers, labels, tags with imprints up to 21” wide by 

64” long. Type changes, using either rubber plates or metal 

type, are quick and easy. That means you can imprint exactly the 
quantity of articles you want, when and where you want them. 
The KD 8 is a really flexible, money-saving production tool that 
will cut marking bottlenecks in your plant. Write today for more 
details that will pleasantly surprise you. 








Keene 29, 
New Hampshire 


ECONOMY 
ACCURACY 
STABILITY 
COMPACTNESS 


x *« * 
Have your Cake... and Eat it, too, with 


JELLIFF ALLOY 1000 RESISTANCE WIRE 


The new high in Resistivity—1000 
ohms/cmf—plus an impressive ar- 
ray of important electrical and 
physical characteristics, make our 
new ALLOY 1000 the most de- 
sirable material for windings in 
compact, precision resistors of all 
types. And the best thing about it 
is that you don’t gain one char- 
acteristic at the cost of serious 
losses elsewhere. Write today for 
Bulletin 25, with the full story 
and technical data on 


JELLIFF ALLOY 1000 RESISTANCE WIRE 


& a 
Resistors 
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of the Polaroid-Land camera, is described 
in 22-page booklet. Procedure for use, 
details of construction given. Also in- 
cluded are answers to questions about 
camera and use. Fairchild Camera & 
Instrument Corp. 

ee No. 70, Reader Inquiry Facility, page 167 


RELAYS—HEight-page catalog 17 de- 
scribes line of mercury plunger relays 
with ratings up to 30 amp 110 volts 
a-c. In addition, complete specifications 
are given covering NO and NC tubes and 
relays with various mountings; diagrams 
and cutaways show principle of opera- 
tion. H-B Instrument Co. 

See No. 71, Reader Inquiry Facility, page 167 


FELT GASKETING—Impregnated cor- 
rosion-resistant felt gasketing, Chrome 
Lock, is described in 6-page folder SP- 
1050 along with illustrated applications. 
Thicknesses from 1/64 to % in.; any 
width from % to 66 in. Spring Packing 
Corp. 

See No. 72, Reader Inquiry Facility, page 167 


PHOSPHATE COATINGS—Four-page 
chart, T. M. No. 2A, gives application 
information on line of phosphate coating 
compounds for preparing metals for 
paint, and for preventing rust, corrosion 
or wear. Corresponding government spec- 
ification numbers given also. American 
Chemical Paint Co. 

See No. 73, Reader Inquiry Facility, page 167 


PRECISION CASTINGS—Step-by-step 
production of stainless steel parts by 
precision casting is shown pictorially in 
8-page brochure. Graphic description of 
booking dies given along with facilities 
of company. Alloy Precision Castings Co. 
See No. 74, Reader Inquiry Facility, page 167 


SHEET-METAL PRODUCTS—Line of 
steet-metal products described and listed 
in 8-page catalog include: mounting 
racks, mounting brackets, plain panels, 
grille panels, chassis, cabinets, carrying 
cases, shields and amplifier foundations. 
Made of aluminum, steel and Masonite. 
Bud Metal Products Div., Bud Radio, 
Inc. 

See No. 75, Reader Inquiry Facility, page 167 
GLASS WITH CONDUCTING SUR- 
FACE—Four-page bulletin, Form M-11, 
gives information on Electropane, a clear 
glass covered with a very thin, trans- 
parent, metal-oxide film enabling sur- 
face of glass to conduct electric current. 
Uses and specifications. Libbey-Owens- 
Ford Glass Co. 

See No. 76, Reader Inquiry Facility, page 167 


VIBRATION MOUNTS—F our-page cata- 
log section 7290 covers installation 
methods for Vibropad rubber mountings 
to muffle noise and dampen shock and 
vibration of heavy equipment. Cutaway 
and exploded views illustrate methods. 
The B. F. Goodrich Co. 

See No. 77, Reader Inquiry Facility, page 167 


ELECTRIC COUNTERS — Four-page 
bulletin SIC-449 gives information on 
printing counters which operate from 
electrical impulses. Applications are 
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in a Series on 
Plastics Skill 
at Work... 


This humidifier shows how “high-cost” 
ideas are made financially practical for 
wider use...and wider sale...with the 
aid of men who mold Durez plastics. 

The Model 500 is a small counter- 
part of Daffin industrial humidifiers. 
To make humidification economical 
for hatchery and farm use, in egg stor- 
age rooms, cold storage rooms, chem- 
ical plants, textile mills, hospitals, and 
in the home, this company developed 
a small motorized unit which evapo- 


Our monthly '‘Durez Plastics News’’ will 
keep you informed on industry’s uses of 
Durez. Ask us to send a copy regularly. 
Durez Plastics & Chemicals, Inc., 1302 
Walck Road, North Tonawanda, N. Y. 
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rates over 3 pounds of ——— hour 
at a current cost of 3 cents a day. 
With engineering details completed, 
the problem was put up to the custom 
molder. The molder recommended a 
Durez phenolic especially developed to 
withstand the heat and moisture en- 
countered in humidifiers. It has excel- 
lent molding qualities and dimensional 
stability, and is formed into compli- 
cated parts at a fraction of the cost of 
the usual metals. Meeting all electrical 


I; pays to use your 
custom molder'’s know-how 


When “high-cost”’ products need popular price tags 


Lower cost, 
broader market 
results from use 
of plastics for 
humidifier 
components. 









MOLDED OF DUREZ PHENOLIC, the motor 
hood and mount are unaftected by water vapor that 
surrounds them or heat generated by the motor they 
enclose. They are formed to exact shape in molding 
press, need no finishing other than simple flashing. 


PROJECT: All-purpose automatic humidifier to sell 


at moderate price. 


CUSTOMER: Daffin Manufacturing Company, 


Lancaster, Pa. 


MOLDER: American Insulator Corporation 


MATERIAL: All plastics except motor. Center pan, 


motor mountand hood, Durez phenolics. 


CENTER PAN SUPPORTS MOTOR and housing 
on screw inserts fixed in position as part of the 
molding operation. By using Durez, the molder 
fulfilled his customer's specifications at a fraction 
of the cost that other materials would have entailed. 


and mechanical specifications, Durez 
made it possible to price the unit for 
ready sale in markets previously closed 
on the score of high cost. 

Your molder is always a good man 
to consult when better appearance, 
faster production, or lower cost are 
your canes He takes full advan- 
tage of the able counsel of Durez tech- 
nicians, who specialize in the most 
versatile group of plastics, the phenol- 
ics. Call on him...and them... freely. 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 





PHENOLIC PLASTICS THAT FIT THE JOB 
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MODINEE 


In the field of electronics and 

the electrical goods industry, 
MOSINEE is known for its 
dependable uniformity, and its 
scientifically controlled physical 


and chemical properties, such as: 


Good dielectric strength . . . 
proper softness or stiffness . . . 
high tensile or tear strength . . . 
creped with controlled stretch or 
flexibility . . . specified pH for 
maximum-minimum acidity or 
alkalinity ... accurate caliper, density, 


liquid repellency or absorbency. 


If you have a fabricating or 
processing problem involving 


paper, a discussion with MOSINEE 


technicians might prove helpful. 





shown with pictorial and schematic dia- 
grams. Streeter-Amet Co. 
See No. 78, Reader Inquiry Facility, page 167 


MOTOR BEARINGS-—Illustrated 4-page 
bulletin B-2201 contains descriptive 
sketches and cutaway drawing of pre- 
lubricated double-shielded bearings used 
in manufacturer’s line of motors. Reli- 
ance Electric and Engineering Co. 

See No. 79, Reader Inquiry Facility, page 167 


VARIABLE-SPEED DRIVES-—Line of 
speed control equipment including vari- 
able-speed transmissions, drives and pul- 
leys is described in 12-page bulletin G- 
509. Principle of operation, types of 
units, dimensions, ratings, controls and 
general engineering information included. 
Reeves Pulley Co. 

See No. 80, Reader Inquiry Facility, page 167 


NONFERROUS ALLOYS—Data sheet 
correlates 40 ASTM, Federal, Army and 
Navy specifications with manufacturers’ 
alloys of phosphor bronze, nickel silver, 
beryllium copper and cupro nickel, along 
with general characteristics and typical 
uses. The Riverside Metal Co. 

See No. 81, Reader Inquiry Facility, page 167 


THIN STAINLESS STEEL—Complete 
information on uses of 0.010 to 0.001 in. 
thick stainless steel along with typical 
mechanical properties is given in 4-page 
folder, P. O. 7250, Armco Steel Corp. 
See No. 82, Reader Inquiry Facility, page 167 


HUMIDITY TEST CHAMBERS—Rela- 
tive-humidity test chambers with 10, 20 
and 30 cu ft capacities are described in 
4-page bulletin RH-550. Automatically 
maintain humidity condition from 20 to 
95 per cent between 35 and 175 F. Re- 
frigeration Div., Bowser, Inc. 

See No. 83, Reader Inquiry Facility, page 167 


HYDRAULIC VALVES—Section 4 of 
Catalog 200, 22 pages, describes line 
of balanced-pressure, piston-type hy- 
draulic control valves. Types: 2-position; 
3-position, 4-way; and manual, pilot, 
cam, foot and solenoid operated. Logans- 
port Machine Co., Inc. 

See No. 84, Reader Inquiry Facility, page 167 


FINISHES—Selection and application of 
paint and paint products is covered in 
12-page booklet. Spreading rate, drying 
time, and method of application speci- 
fied. James B. Sipe and Co., Inc. 

See No. 85, Reader Inquiry Facility, page 167 


WELDED TUBING—Gages, sizes, di- 
ameters and tolerances of welded steel 
tubing available are given in 8-page cat- 
alog as well as information on fabricating. 
Tubing Div., Brainard Steel Co. 

See No. 86, Reader Inquiry Facility, page 167 


BALANCING MACHINES—Line of bal- 
ancing machines is illustrated and de- 
scribed in 6-page bulletin 761. Features 
and ratings given. Taylor Dynamometer 
& Machine Co. 

See No. 87, Reader Inquiry Facility, page 167 


CONTROLLERS, RECORDERS—Con- 
densed catalog, Z6600, briefly describes 
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Versatile switch handles speed 


control of a0- pump motors 






easily done with the 


5 B-1 TRANSFER SWITCH 
Driven by 50-hp motors, the three pumps shown 
above handle about 2,000,000 gallons of sewage 
daily at the Manhattan Beach pumping station of 
the Los Angeles County South Bay Cities Sanita- 
tion District. Motor speed is varied according to 
load, either automatically by a relay system, or 
manually by three General Electric SB-1 switches. 


A fourth SB-1 switch selects either manual or 
automatic operation. 


Here’s just one example of the thousands of 
control installations made easy with the compact, 
versatile SB-1 switch. By varying the cam and 
finger arrangements and the number of stages, 
SB-1 switches can be designed to give over 
10,000 control combinations on circuits up to 
20 amperes at 600 volts a-c or d-c. Standard parts 
and simple basic design mean long life and 
dependable operation. 


A variety of attractive switch handles and water- 
tight, dust-tight, oil-immersed, fabricated metal 
or explosion-proof housings are available to fit 
all installation problems. For further details see 
your G-E sales representative or write for Bulletin 
GEA-4746. Apparatus Dept., Section 856-74, 
General Electric Company, Schenectady 5, N.Y. 
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When goodregulation at 
low power factor loads 
with heavy inrush cur- 
rents are required, Hevi 
Duty Control Circuit 
Transformers are first 
choice! 


ee eee ee 


The GISHOLT 
No. 12 Hydraulic 


AUTOMATIC LATHE 
designed for high 
production chucking work 
to meet new machine 
tool specifications for 
automatic use. Unusual 
requirements for light- 
ing and contactor loads 
are met with Hevi Duty 
Transformers. 


Control Circuit TRANSFORMERS 


give you better regulation 


Regulation curves quickly reveal 
the fact that you get extremely 
good regulation at low power 


factor when you use the proper- 
ly designed Hevi Duty Control 


Circuit Transformer. In addition, 
you get rugged mechanical con- 
struction, oversize terminals per- 
manently attached to coils dur- 


ing winding, and many other 
features that assure dependable 
performance. Regulation curves 


HEVI 


and complete engineering data 
are available. Write today. 


DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HEVIEBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 





a selection of recorders, indicators, con- 


| trollers, combustion safeguards and ac- 


cessories; 8 pages. Prices included. 
Wheelco Instruments Co. 


See No. 88, Reader Inquiry Facility, page 167 


ENGINEERING SERVICE—Brochure 
of 6 pages explains scope of engineering 
and research services available from or- 
ganization. Included are: research, proc- 
ess development, product development, 
production methods and testing. Sam 
Tour & Co., Inc. 

See No. 89, Reader Inquiry Facility, page 167 


UNIVERSAL JOINTS—Four-page cata 
log Cl gives information on how to 
select universal joints, dynamometer 
tests and engineering data. Also curves 
of static torque tests, angle-of-operation 
efficiency and frictional heat loss. Curtis 
Universal Joint Co., Inc. 

See No. 90, Reader Inquiry Facility, page 167 


AIR CYLINDERS, VALVES—Engineer- 
ing drawings and complete reference 
tables on line of power chucks, air cyl- 
inders and air valves are included in 
44-page catalog 101. Rotating and non- 
rotating air cylinders. The S-P Manufac- 
turing Corp. 

See No. 91, Reader Inquiry Facility, page 167 


ANTICORROSION COATINGS—One- 
coat, self-protecting anticorrosion coat- 
ings (Zincilate) are described in 8-page 
technical bulletin 100. Case histories, 
specifications and application data. In- 
dustrial Metal Protectives, Inc. 

See No. 92, Reader Inquiry Facility, page 167 


Feature Article 
REPRINTS 


Selected articles from each issue of 
ELECTRICAL MANUFACTURING are 
reprinted in complete, fileable form. 
Single copies of any new or previously 
announced title still available may be 
obtained by qualified readers without 
charge, by using the Reader Inquiry 
Facility on page 167 in this issue, or by 
addressing a company letterhead request 
to the Editor. 

Note that each reprint described be- 
low carries a key number which is re- 
peated in the reprint subject list in the 
Reader Inquiry Facility. Quantities are 
limited, and when the initial supply for 
any title is distributed no more requests 


can be filled. 
Reprints Now Available 


One new reprint, listed first below, is 
now ready for distribution. The three- 
part article on Electric Drives with 
Speed Control and the series of two 
articles on Panel Design will each be 

(Continued on page 172) 
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YOU CAN MAKE IT 


—— 


Taylor Laminated Plastics 


U, Your Problem 


is to design your product or part with a material that offers 
a combination of electrical, mechanical and chemical prop- 
erties such as high tensile, flexural and impact strength... 
resistance to corrosion, moisture and abrasion. . . attrac- 
tive appearance... high insulating qualities... high 
speed machineability ... light weight with great strength 
and many other desirable characteristics— 


7 Good Solution 


to your problem is Taylor Laminated Plastics. As insulat- 
ing parts and structural members, Taylor Vulcanized 
Fibre, Phenol Fibre and Combination Materials, available 
in a variety of grades, offer you a better, cheaper . . . faster 
means of developing a better product. If you do your own 
fabricating, Taylor can supply you with sheets, tubes, rods 
and rolls. If you seek a source of supply for finished parts, 
Taylor’s completely equipped Fabricating Department is 
at your service. 


Wore Tufgormation 


on Taylor Laminated Plastics and their application is 
available. If you have a design problem as indicated above, 
write today for the new 1951 Taylor Laminated Plastics 
Catalog. If possible, state your problem. Your copy will 
be sent you promptly, and experienced Taylor Sales Engi- 
neers will be happy to consult with you without obligation. 


The new 1951 Taylor Catalog contains complete 
specifications and description of Taylor Lami- 
nated Plastics. See for yourself how you can make 
your product or part better with these versatile 
Taylor materials. Write today for Catalog EM1. 


TAYLOR FIBRE CO. 


NORRISTOWN, PENNSYLVANIA 


FD 


WEST COAST FACTORY: LA VERNE, CALIF, 
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Position or space limitations, 
imposed on a speed reducer by 
the design of your equipment, 
need present no problem... 
need not involve a specially 
engineered unit. 

There’s a compact, fully stan- 
dardized Winsmith reducer (from 
fractional to 85 H.P.) for prac- 
tically any condition, no matter 
how individual. Simplifying your 
design and installation are ex- 
tensive Winsmith provisions for 
horizontal, vertical or flange 
mounting; diversified shaft posi- 
tions and alternate directions of 
rotation. 

Such adaptability not only sim- 
plifies design problems for the 
primary equipment maker, but 
for the user as well. Often, a 
deficient “special” reducer can 
be replaced with a fully stan- 
dard Winsmith model. 


FREE informative folder “Save through 
Standardization”. Write. 
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prepared as a combined reprint shortly 
after publication of the concluding parts 
in this issue. Copies of these two coming 
reprints may be reserved in advance by 
letterhead request. 


Making Electrical Contacts Stand Up in 
Control Service, Jan. 1951, 8 p. Causes 
for failure analyzed; advantages and 
limitations of contact materials tabu- 
lated; steps that increase contact life. 


(100) 


Design Limitations for Ceramic Parts, 
Dec. 1950, 8 p. Methods of fabrication 
and effect on tolerances; general de- 
sign specifications. (137) 


What About Electrets, Dec. 1950, 8 p. 
An outline and discussion of research 
and developments to date, with an 
annotated bibliography. (138) 


Performance of Magnetic Devices Used 
in A-C Control Circuits, Dec. 1950, 8 
p. Operating characteristics as affected 
by voltage, frequency, stroke and 
force. (139) 


Design Ideas From Abroad, Dec. 1950, 
8 p. Survey shows many ingenious and 
advanced designs in recent European 
developments. (140) 


Teaming Up With the Defense Agencies, 
Oct. 1950, 8 p. Who handles what and 
how in the different categories of the 
defense organization. (136) 


Machine Tool Electrical Standards, Nov. 
1950, 12 p. Complete text of revised 
NMTBA Standards combined with 
J.I.C. Standards and comment. (134) 


Practical Factors in Applying Organic 
Finishes, Nov. 1950, 8 p. Paint and 
varnish technology, quality control 
and application methods. (133) 


Fundamental Approach to Color in De- 
sign, Oct., Nov. 1950, 12 p. Science of 
color, working color systems; specifica- 
tion, control and tolerances for func- 
tional and styling purposes. (132) 


How to Extend the Life of Electron 
Tubes, Nov. 1950, 8 p. Circuit design 
to cushion shocks; marginal checking 
circuits; operating practice. (131) 


Testing Coils for Shorted Turns, Nov. 
1950, 4 p. Production high-voltage test 
detects single-turn shorts. (130) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where, 
why and what safeguards are required; 
how hazards are avoided. (129) 


Timing, Counting, Selecting Circuits from 
Elevator Practice, Sept. 1950, 8 p. 
Basic circuits useful in solving auto- 
matic control problems. (128) 


Speed-Torque Curves on an Oscilloscope, 
Sept. 1950, 4 p. Complete curve traced 
during motor acceleration from stand- 
still to full speed. (127) 


Fluorocarbon Resins Appraised, Aug., 
Sept. 1950, 20 p. Properties and appli- 
cations for high-temperature _ stable, 
nonreactive materials with high dielec- 
tric value. (126) 


Printing Press Speed Control with Mag- 
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It’s the CONDITION ON ARRIVAL 


that sets the stage for your customers’ feeling 
toward you as a supplier. Merchandise 
in factory-fresh condition is appreciated 
-by the recipient. rs 


Gaylord Boxes are protecting the 
products of many of the country’s 
largest manufacturers — and 
have been for years. 


GAYLORD CONTAINER CORPORATION, General Offices: ST. LOUIS 


New York « Chicago * San Francisco * Atlanta * New Orleans « Jersey City * Seattle * Indianapolis * Houston « Los Angeles 
Oakland * Minneapolis * Detroit * Columbus * Fort Worth * Tampa « Cincinnati * Dallas « Des Moines * Oklahoma City « Greenville 
Portland * San Antonio * Kansas City * St. Lovis * Memphis * Bogalusa * Milwaukee * Chattanooga * Weslaco * Appleton 
Hickory * Sumter * New Haven * Greensboro * Jackson * Miami * Mobile * Omaha « Philadelphia « Little Rock * Charlotte 
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What Price 
Fasteners? 


First cost or Final cost? 


In terms of your over-all prod- 
uct cost, the price of any fas- 
tener is low. But a low price 
may be a high cost if a fas- 
tener keeps assembly time 
and reject ratios high. 


A good fastener— uniform, re- 
liable, and right for the job — 
can save its price many times 


over. Scovill makes good fas- 
teners. 


Scovill fasteners are made on 
special order only: no “bin” 
stock is carried. They are 
“custom-made” for the job. 


Recessed Head Screws + Sems 

Tapping Screws + Standard 

Machine Screws + Special Cold 
Headed Parts 


Terit Gi = 
\ TT FASTENERS 
J 


Scovill Manufacturing Co., Waterville 14, Conn. 
Montclair,N.J. « Detroit « Wheaton, Ill. 


Los Angeles « Cleveland « San Francisco 
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netic Amplifier, Aug. 1950, 4 p. For | 


shunt-wound d-c motors operated from 
ignitron rectifiers. (124) 


Cold-Rolled Electrical Strip for Rotating | 
Equipment, Aug. 1950, 8 p. Continu- | 
ous strip material that gives longer | 
die life and faster production. (123) | 


What is a “50 C” Motor? July 1950, 8 p. 
Motor temperature ratings in terms of 
“hottest spot” temperatures for various 
classes of insulation. (122) 


Beryllium Copper at Critical Points, June | 
1950, 8 p. Service-free performance at | 


lowest cost obtained in four parts for 
an IBM machine. (120) 


Matching Solenoid Characteristics to | 
Load, June 1950, 8 p. Increasing effi- | 


ciency and reliability; nine suggestions 
for selection and application. (119) 


Application of Low-Loss Plastics, May 
1950, 8 p. Significance of dielectric | 


properties in design. (118) 


New Single-Phase Motors in Integral Rat- 


ings, April, May 1950, 16 p. Operating 
characteristics for capacitor types with 
ratings up to 20 hp. (115) 


Dimensions Measured Photoelectrically, | 
April 1950, 4 p. Precise measurements | 
obtained by electronic chronoscope | 


controlled by light beam. (114) 


Progress in Synthetic Mica, Mar. 1950, | 


8 p. Status of coordinated research 
aimed at large-scale production. (113) 


Microwaves Offer New Control Func- | 


tions, Mar. 1950, 8 p. How the func- 
tions of photoelectric control and many 
others can be performed. (112) 


Stainless Steel Cuts Costs, Feb. 1950, 8 | 
p. Properties of 29 types and applica- | 
tions in electrical equipment and ap- | 


pliances. (110) 


How Small Can a Motor Get, Jan. 1950, | 
4 p. Efficiency, iron and copper losses; | 
improvements in materials and manv- | 


facturing methods. (109) 
V-Belt Drives for Adjustable Speeds, Jan. 


1950, 8 p. Advantages and limitations 


of types for designed-in use. (107) 


Incompatible Standards, Dec. 1949, 4 p. 
How lack of standards affects designing | 
products for a world market; progress | 


being made. (106) 


Assembly 


savings. (105) 


Practical Factors in Applying Insulating | 


Varnishes, Dec. 1949, 12 p. For coils 


and windings; importance of com- | 
pounding, application and testing. (104) 


| Electrical Count Control Devices, Nov. 


1949, Jan. 1950, 8 p. Types for de- 


signed-in use giving positive control | 


of operations. (103) 


What the Armed Services Want, Mar., | 
Apr. 1949, 8 p. Market for electrical | 
and communication equipment. (102) | 


Electrical Insulation — Navy’s Program 
Moves Ahead, Nov. 1948, 12 p. Devel- 
opments in glass-silicone and other 
arc-resistant laminates. (101) 


Savings Through Fastening | 
Analysis, Dec. 1949, 8 p. Case histories | 
of electrical products showing cost 


One of various 

coils that go 

into making communications 

equipment is shown below. This 

acetate interleave coil is made 

from fine wire, and the acetate 

film interleaved with the winding 

provides a high dielectric between 
winding layers. Rigid 
quality control, at Coto, 
assures perfect opera- 
tion. 


When you need electrical coils, 
why not take advantage of 34 
years of experience, engineering 
competence, and modern produc- 
tion facilities. Coto coils are built 
for you, to your specifications. 


COTO-COIL CO.n <> 


COIL SPECIALISTS SINCE 1917 
65 PAVILION AVE 
PROVIDENCE 5, R.L 
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ROTOR 


Finished rotors are sprayed 
with a special rust inhibitor 
which covers the rotor, the 
shaft, and cadmium-plated fan 
used on smaller motor sizes. 
Larger motors have aluminum 
fans. These are not sprayed. 





STEEL PARTS 


The complete assembly of body 
and shell, with the stator, is 
dipped in “Robbinite,” and 
this moisture-resisting under- 
coating—developed by Rob- 
bins & Myers—is then baked 
on, prior to final painting. 









9080 


YOU GET “PACKAGED PROTECTION” 
IN ReM ALLWEATAER MOTORS 


Standard R & M Integral Motors now 
are completely ““Weatherized’”’—and 
all at no extra cost to you. They’re pro- 
tected—inside and out—from damag- 
ing moisture which so often causes 
premature failure. Weatherizing pre- 
vents rust, corrosion, and rapid dete- 
rioration of insulation materials. It 
makes good R & M Motors last even 
longer, wherever they’re installed. 


PROTECTION, PLUS. New R & M Weath- 
erizing, plus R & M “Clean Sweep” 
high-velocity end-to-end ventilation, 
keeps these durable motors both 
internally clean and remarkably cool- 
running. They operate cooler than 






comparably rated motors on the same 
work. And you can even mount them 
outdoors without a cover. They’re 
snake-proof and mouse-proof. Noth- 
ing has been forgotten. 


VALUABLE “EXTRAS.” Only Robbins & 
Myers gives you all these “extras” in 
a standard motor: Weatherizing . . 

shrouded end-heads... pre-lubri- 
cated, sealed ball bearings (adopted 
in 1939)... insulation of both phase 
groups and coil windings... and 
many other construction refinements. 


Sizes: Polyphase, 1-50 h.p.; Single- 
Phase and D. C., 









END-HEADS 


Cast-iron end-heads and the 
cast-iron terminal box are 
carefully cleaned and given 
the same anti-corrosion treat- 
ment, inside and out, often 
specified by our Armed Forces 
for use in damp climates. 


SEALED AGAINST 
LEAKAGE 


Terminal box is gasketed, and 
lead-ins are sealed at the 
motor shell. Repellent grease 
on shaft keeps moisture away 
from bearings. End-heads give 
motor full-height protection. 





























© Robbins & Myers is big 
enough to serve your every 
need completely, yet not too 
big to serve you personally and 


promptly. For literature or 
gratis aid in solving powering 


problems, address Dept. C-21. 


1-74% h.p.; Totally Enclosed Fan-Cooled and 


Explosion-Proof, 1-40 h.p. Write for free Bulletin No. 400. 


MOTOR DIVISION 


Springfield 99, Ohio * Brantford, Ontario 


FOUNDED 1878 


LOSSES & deena 1 is 





MOTORS « HOISTS » CRANES. ) PUMPS - 
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LORD MANUFACTURING COMP 


ACCURATE and 
DEPENDABLE 
FLIGHT RECORDS 


Sensitive equipment requires pro-- 


tection from shock and vibration to 

assure original accuracy and depend- 

ability. The Giannini Flight Re- 

corder illustrates how the G. M. 
Giannini Company of Springfield, N. J., uses 
LORD Mountings to insure the precise record- 
ings of four simultaneous test operations. 


Note that standard LORD Mountings are used 
in tandem to supply universal freedom of move- 
ment . . . and that they are focalized at the 
center-of-gravity of the recorder. This arrange- 
ment of LORD Mountings permits the instru- 
ment to be used in either vertical or horizontal 
position without loss of mounting effectiveness. 


This method of applying LORD Mountings 
was recommended by LORD engineers to meet 
the particular conditions under which the instru- 
ment would operate. If you have a problem 
involving product protection or improvement 
through control of vibration, we suggest that 
you submit it to us for analysis and recommen- 
dation. Write to attention of Product and Sales 
Department. 
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MEN in 
INDUSTRY 


Arthur H. Lauder is now manager of 
engineering of the Large Motor and 
Generator Divisions, General Electric 
Co., Schenectady, N. Y., succeeding the 
late Earle S. Henningsen. He has been 
assistant manager of the Large Motor and 
Generator Engineering Div. since 1948, 
Also Joseph F. Eckel, manager of the 


Arthur H. Lauder 


River Works, Lynn, Mass., has been ap- 
pointed manager of the Large Motor and 
Generator Div. Mr. Eckel succeeds J. M. 
Crawford, recently transferred to Pitts- 
field, Mass., as manager of the Trans- 
former’and Allied Products Div. Herbert 
L. Ross, formerly manager of manufac- 
turing of the Meter and Instruments Div., 
Lynn, has been named to succeed Mr. 
Eckel as manager of the River Works. 


Kurt Appert, formerly chief engineer, 
has been appointed director of engineer- 
ing of Lenkurt Electric Co., San Carlos, 
California. George M. Lebedeff succeeds 
him as chief engineer. 


Isaac L. Auerbach, Carl Beckman and 
James E. Myers are now research en- 
gineers in The Research Div., Burroughs 
Adding Machine Co., Philadelphia. Mr. 
Auerbach was formerly with Eckert- 
Mauchly Computer Corp., and Electronic 
Tube Corp. Prior to joining Burroughs 
Mr. Beckman was associated with West- 
inghouse Electric Corp., Control Instru- 
ment Co., Bendix Aviation Corp. and 
Sperry Gyroscope Co. Mr. Myers had 
previously been with Moore School of 
Electrical Engineering, University of 
Pennsylvania. 


W. H. Haines has been appointed gen- 
eral manager of Electric Specialty Co., 
Stamford, Conn. He has been associated 
with the company for nearly 30 years. 


Charles L. Hardy has been elected 
president of Joseph T. Ryerson & Son, 
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MALLORY 
ALLOYS 


Mallory is a leading producer of 
unusual alloys and materials from 
copper, silver, platinum, palladium, 
tungsten, molybdenum, and other 
non-ferrous metals and alloys. 
Recently the line has been broad- 
ened to include certified pure 
copper, aluminum-bronze, nickel 
and nickel alloys. This places 
Mallory in a qualified position to 
make effective and impartial rec- 
ommendations for materials best 
suited to your needs. Write today. 





5 P.R.MALLORY &CO 


Mallory Research 
Develops New Titanium Alloys 


New titanium alloys... for a wide range of services 


..are being developed in Mallory laboratories and 


pilot plant operations. 


Typical is a Mallory titanium alloy being tested for 


critical parts of jet engines... promising improved 


rate of climb, range and maneuverability while 


affording additional resistance to heat and corrosion. 


Half as heavy as steel, yet just as strong, Mallory 


titanium alloys are opening up a host of application 


possibilities for the design engineer. 


Mallory metallurgical know-how is at your disposal. 


What Mallory has done for others can be done for you. 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 





miso 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, 
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Metallurgical Products and Alloys 


INDIANA 


SERVING INDUSTRY WITH 


Electromechanical Products 


Switches 
Vibrators 


Resistors 
TV Tuners 
Electrochemical Products 


Capacitors Rectifiers 
Mercury Dry Batteries 


Metallurgical Products 


Contacts Special Metals 
Welding Materials 
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% USUAL SIZE, Ya USUAL WEIGHT 


- Above: Sier-Bath Gear Coupling com- 
"pared with two major conventional 
types (in outline) of same shaft size. 
eens ct one) WF copecty 


FORGED HUBS AND SLEEVE 


Nom J 
You can cut assembly costs with this 
new coupling, and achieve more com- 
pact designs. For the utmost in design 
flexibility, the internal teeth of Sier- 
Bath Gear Couplings run the full work- 
ing length of the sleeve. Size for size, 
the units are smaller, lighter, and need 
less shaft space for assembly. They are 
easier to handle, and can be aligned 
quickly and simply. There are no bolts 
to install, and no special tools to buy. 


The hubs and sleeve simply slide 
together. The snap rings go on by 
hand, can be easily removed 
with a small screw driver—yet 
in operation, it takes 50,000 Ibs. 
of end thrust to pop them out! 


Your customers will benefit by sharply 
reduced maintenance costs. Sier-Bath 
Gear Couplings save time in coupling 
and uncoupling, assure greater safety 
because they have no flanges or other 
projections, and provide better protec- 
tion for equipment because they put 
less strain on shafts and bearings. For 
high flexibility, silent operation and 
long life, the internal teeth of the Sier- 
Bath Gear Coupling are evenly spaced 
and precision cut. There are no bolts to 
sheer, no trick teeth arrangements. All 
the load is carried on all the teeth all 
the time. 


SAVE SPACE 
SAVE WEIGHT 
and SLASH 
ASSEMBLY COSTS 


with Sier-Bath’s 


Revolutionary, New 


FN eee ae Le 


— SNAP RINGS 
Powerful grip— 
but easy to 
install, remove 


NEOPRENE SEALS 
Guaranteed leak-proof 


OIL REFINERY INSTALLATION 
Uncoupled—With a Screw Driver! 


Top: Sier-Bath No. 22 Floating Shaft 
Coupling assembled. Bottom: Same coup- 
ling disassembled. Screw driver in picture 
was used fo remove snap rings —disas- 
sembly was completed by hand. 


Distributors! Territories Open! 


WRITE FOR BULLETIN! 


Gives installation photos, 
complete list of cost-cutting 
advantages, detailed plan 
drawings and specifications 
for standard, vertical, mill 
motor, spacer, and floating 
shaft -types—sizes from % 
to 6, HP 4 to 550. (Special 
sizes and types on request.) 


Sier-Bath 


FOUNDED 1905 


GEAR and PUMP eo irs 


9244 HUDSON BLVD., NORTH BERGEN, N. J. 
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| Fulton Controls Co., 
| Eskin is now technical 


Inc., Chicago, succeeding Everett D. 
Graff. Thomas Z. Hayward is now vice 
president in charge of sales. Mr. Hardy, 
formerly assistant to the president, joined 
the organization in 1927. 


Robert G. Kenly has been appointed 
general sales manager of The New Jersey 
Zinc Co., and The New Jersey Zinc 
Sales Co., New York, succeeding Ralph 
M. Neumann who retired after 44 years 
of service. 


N. W. Landis is now manager of the 
Detroit district office of Allis-Chalmers 


| Mfg. Co. 


Robert L. Pettibone has been named 
chief metallurgical engineer of Sintercast 


Corporation of America, Yonkers, N. Y. 


A. M. Harrison has been named man- 
of the D-C Engineering Dept., 
Transportation and Generator Div., West- 
inghouse Electric Corp., East Pittsburgh, 
replacing Clarence Lynn, recently trans- 
ferred to Atomic Power Div., Pittsburgh. 
Mr. Harrison will be in charge of the 
engineering design and development of 
medium- and large-sized d-c generators 
and motors. Prior to this appointment, 
Mr. Harrison was active in improving 
methods of manufacturing and _venti- 
lating d-c rotating machines, and in the 
development of d-c commutators. 


James L. Cox, formerly chief engineer 
of Lamp Div., Duro-Test Corp., North 
Bergen, N. J., is now vice president of 
manufacturing and engineering of the 
reactivated Electronics Div. of the com- 
pany. 


S. S. Wolff, who was chief engineer of 
Century Electric Co., St. Louis, is now 
chief engineer of American Safety Table 
Co., Reading, Pa. 


H. W. Geyer succeeds S. G. Eskin as 
director of West Coast Research and De- 
velopment Laboratory of Robertshaw- 
Los Angeles. Mr. 
advisor in the 


executive offices of the company at 


| Greensburg, Pa. 


H. C. Coleman is now manager of In- 
dustry Engineering Departments, West- 
inghouse Electric Corp., E. Pittsburgh, 
Pa. Mr. Coleman succeeds F. R. Benedict, 
recently assigned to Atomic Power Div., 
Pittsburgh. S. A. Haverstick is now man- 
ager of marine and aviation section, In- 
dustry Engineering Depts. 


William E. Ruder and Dr. John Her- 
bert Hollomon have been named manager 
and assistant manager, respectively, of 
the newly organized Metallurgy and Cer- 
amics Div., General Electric Laboratory, 
Schenectady, N. Y. 


John W. Belanger and Nicholas M. 
DuChemin have been named _ general 
managers of the Large Apparatus Divs. 
and Small Apparatus Divs. respectively 
of Apparatus Dept., General Electric 
Co., Schenectady, N. Y. Mr. Belanger 


| will direct and be responsible for over- 


ELECTRICAL MANUFACTURING 





THIS IS THE REASON 


CLARE «» RELAY 


Cut-away View 
Oe ae ty eee ae 


Hermetically Sealed Relay 


CLANS LES LA We 


@ Pictured here are ten CLARE Sealed 
Relays from which every trace of moisture 
and gas is being removed by a high vacuum 
pump. 

After the first pumping, the enclosures are 
flushed with dry nitrogen and again pumped 
down to a few microns pressure. While under 
this extreme vacuum, enclosures and seals are 
tested for leaks by means of the mass spec- 
trometer (right). This device can detect a leak 
so small that it would take 31 years for one 
cubic centimeter of air to pass through it. 


Containers are next filled with dry nitrogen 
to a pressure of at least one atmosphere. 
When the evacuating tubes are pinched off, 


the enclosures are hermetically sealed. 


More than forty different series of CLARE 
hermetically sealed relays ...immune to 
every type of climatic or environmental con- 
ditions . . . are now available to relay users. 
Innumerable variations of coil and contact 


.specifications are possible. 


If your relay requirement calls for the utmost 
in relay dependability under difficult operat- 
ing conditions, get in touch with the CLARE 
sales engineer nearest you or C. P. CLARE 
& CO., 4719 West Sunnyside Avenue, Chi- 
cago 30, Illinois. In Canada: Canadian Line 
Materials Ltd., Toronto 13. Cable address: 
CLARELAY. 


Write for 36-page Clare Bulletin No. 114 





First in the Industrial Field 
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POLISHED 
Polished Raceway surface 
magnified 100 times as 
used in other ball 
bearings. 


* noover HONED 
Raceway surface magnified 
100 times, os used exclu- 
sively in Hoover Ball 
Bearings. 


it's the 


raceway | , 
Ye 


that 
makes the 


difference 


HOOVER 
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BALL BEARING 
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90% longer life 
30% greater load 


Amazing Quietness 
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all organization, operation and programs 
of the Large Apparatus Divs., which 
include Aeronautic and Ordnance Sys- 


| tems Divs., Aircraft Gas Turbine Divs., 


HOOVER HONED RACEWAY* | 


Foundry Divs., Large Motor and Gen- 
erator Divs., Locomotive and Car Equip- 
ment Divs., Switchgear Divs., Trans- 
former and Allied Product Divs., Turbine 
Divs., Erie (Pa.) Works Service Divs., 
Fitchburg (Mass.) Works, and Schenec- 
tady Works Service Divs., Mr. DuChemin 
will be responsible for the Small Ap- 
paratus Divs., which include Control 
Divs., Fractional Horsepower Motor 
Divs., Industrial Heating Divs., Lighting 
and Rectifier Divs., Meter and Instru- 
ment Divs., Small and Medium Motor 
Divs., Specialty Transformer and Ballast 
Divs., Welding Divs., Ft. Wayne (Ind.) 
Works Service Divs., and Lynn (Mass.) 
River Works Service Divs. 


L. V. Johnson, formerly assistant chief 
engineer of National Tube Co., subsidiary 
of United States Steel Corp., Pittsburgh, 
is now chief engineer. He succeeds John 
L. Young who has been elected vice 
president-chief engineer of newly formed 
United States Steel Co., Pittsburgh. 


COMPANY BRIEFS 


Anchor Industrial Co., 533 Canal St., 
New York, newly formed company, will 
take over all television field sales from 
Anchor Plastics Co., Inc., New York. 


Product Styling Div., Barnes & Rein- 
ecke, Inc., Chicago, has separated from 
the parent company and is now an in- 
dependent organization. David Painter, 
James Teague and Victor Petertil, for- 
mer heads of division, have formed part- 
nership of Painter, Teague & Petertil 
to take over the Product Styling Div. 
Barnes & Reinecke, Inc., will continue 
as an engineering firm, offering product 
development, research, and model mak- 
ing services. 


Burling Instrument Co. has moved its 
office from Newark to 5 Vose Ave., So. 
Orange, N. J. 


George K. Garrett Co., Inc., Philadel- 
phia, has moved to its own building at 
15755 James Couzens, Detroit. 


General Cement Mfg. Co., Rockford, 
Ill., is building an additional 30,000- 
sq ft plant at 10th Ave. and 10th St. 
Plant will be devoted to manufacture 
of television accessories. 


Glass Fibers, Inc., Waterville, Ohio, 
has leased 7620 sq ft of floor space in 
a new building under construction at 


1810 Madison Ave., Toledo, Ohio. 


B. F. Goodrich Co., Akron, Ohio, is 
going to erect a 125,000-sq ft plant near 
Marion, Ohio, for manufacture of indus- 
trial rubber products. 


Leeds & Northrup Co., Philadelphia, 
has acquired two additional buildings 
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Yes, it’s simple and easy to prevent motor burnout headaches —_ HOW KLIXON PROTECTORS WORK! 
caused by overloading and overheating — all you have to do is specify and 


order that your motor manufacturer supplies you with Klixon-Protected Motors. 


Built in by the motor manufacturer, the Klixon Protector stands constant 
guard, always ready to prevent the motor from burning out by cutting the 
power “off” should it become dangerously overheated. Temporary over- 


loads do not cause nuisance cut-outs. Should a motor become overheated 


and dangerously hot, the Klixon 

Remember, all motors do not come protected ... so to be sure that your Protector snaps the power “off” pre- 
motors are equipped with Klixon Protectors, specify on your purchase order 
“motors with Klixon Protectors.’”’ The additional cost for. the Klixon 
Protector is exceptionally low . .. pays for itself many times over by 


minimizing motor burnouts, reducing repairs and replacements. 


er oe eS I 


rr) 


CLICK ...1T'S ON! 
When the motor cools to safety, the 
a Klixon Protector snaps the power “on 


automatically, or by the red but- 
ee ee ton when the reset type is used. 


SPENCER THERMOSTAT 
Division of Metals & Controls Corp. 
102 FOREST ST., ATTLEBORO, MASS. 
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R-B-M INDUSTRIAL 


CONTACTORS 4 H// 


Underwriters’ Approved. 
600 Volts AC 





Non-Reversing 
2 to 4 Pole 2-3/4” w. x 3-5/8” h. x 3-5/16" d. 
5 to 8 Pole 5-9/16” w. x 3-5/8” h. x 3-5/16" d. 
Reversin 
2 to 4 Pole 5-9/16” w. x 3-5/8” h. x 3-5/16" d. 
Note: 10 and 15 ampere contactors have same mounting and over- 
all dimensions. 

ACCESSIBILITY 
To replace contacts, it is not necessary to disassemble the complete 
contactor. Just remove the parts comprising the stationary and 
movable contacts. Contacts can be ary without disturbing 
wiring. To change coil, remove magnet frame and coil assembly 
only. (See illustration below.) 


FLEXIBILITY 
Using a screw driver only, you can easily change any pole from 





normally open to normally closed. No special parts required. 10 
and 15 ampere parts are interchangeable. 


RELIABILITY 
Laboratory tests involving millions of operations, plus field serv- 
ice of thousands of R-B-M contactors on door operators, radio 
transmitters, packaging and weighing machinery, hoists, machine 
tools and many other industrial appli- 
cations offer proof of dependable, 
trouble-free performance. 


ADVANCED DESIGN 

Melamine Insulation. Molded coil 
housing. Ilsco solderless connectors. 
50/60 cycle magnet coils. Palladium 
silver contacts. Stainless steel self-con- 
tained contact springs. 

Where space is a factor, and accessibility a 
must—use R-B-M industrial contactors. Initial 
low cost plus dependable performance will 
save you money. Write for Bulletin 600 and 


price list on your company letterhead. 
Address Dept. A-2 





R-B-M DIVISION 
ESSEX WIRE CORP. 


°gansport, Indiana 


MANUAL AND MAGNETIC ELECTRIC CONTROLS 
FOR. AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 
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there. One is a 3-story, 50,000-sq ft 
building at Castor and Sedgley Aves., the 
other 35,000-sq ft building at Collum 
and Rubicam Sts., both in Germantown. 


D. B. Milliken Co., has moved to 131 
N. 5th Ave., Arcadia, Calif. 


Industrial Div., Minneapolis-Honey- 
well Regulator Co., Philadelphia, has 
purchased the Thomas M. Royal plant 
there. 


H. K. Porter Co., Inc., Pittsburgh, 
has acquired the Delta Star Electric Co., 
Chicago. 


Townsend Co., New Brighton, Pa., 
and Cherry Rivet Co., Los Angeles, have 
merged. The West Coast plant will op- 
erate as Cherry Rivet Co., Div. of 
Townsend Co. 


Westinghouse Electric Corp., Pitts- 
burgh, is going to build a one-story 
plant for production of small electric 
motors in Union City, Ind. In addition, 
the Small Motor Div., in Lima, Ohio, 
has leased two buildings containing 120,- 
000 sq ft. 


Whitehead Metal Products Co., Inc., 
New York has moved its Baltimore metal 
warehouse to 4300 E. Monument St., 
Baltimore. 


Weldex, Inc., has moved to 2200 W. 
Fort at 14th, Detroit 16. 


The Perkin-Elmer Corp., formerly lo- 
cated in Glenbrook, Conn., has moved to 
Main Ave., Norwalk, Conn. 


C. H. Wheeler Mfg. Co., Philadelphia, 
has joined Economy Pumps, Inc., Ham- 
ilton, Klipfel Manufacturing Co., Liber- 
ty Planers, Inc., Hamilton, and Smith 
& Mills Co., Cincinnati, as a division 
of the Hamilton-Thomas Corp., Hamil- 
ton, Ohio. 


Markem Machine Co., manufacturer 
of industrial marking and printing ma- 
chines, has opened a new plant in 
Keene, N. H. 


General Controls Co., Glendale, Calif., 
has opened an Indianapolis, Ind., fac- 
tory branch sales office headed by Rich- 
ard H. Weber. Office is located at 1035 
N. Pennsylvania St. 


Worthington Pump and Machinery 
Corp., Harrison, N. J., has acquired 
Wintroath Pumps Inc., Alhambra, Calif., 
which will be operated as a_ wholly 
owned subsidiary of Worthington. 


A group headed by Jack Kaufman, 
president of Lewis & Kaufman, Inc., 
Los Gatos, Calif., electron tube manu- 
facturer, has purchased entire capital 
stock of Taylor Tubes, Inc., Chicago, 
maker of transmitting, industrial and 
television tubes. 


Westinghouse Electric Corp., Pitts- 


burgh, will open a plant in Hampton, 
S. C., for manufacture of Micarta. Build- 
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Want to cut finishing time? 
CALL YOUR INDUSTRIAL FINISHES SPECIALIST 
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ZRREH 
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Production costs would take a nice drop if you could cialist? He has solved this problem for many products 
cut finishing time substantially! And how do you know in many fields. Illustrated below are three ways it’s 
you can’t until you consult an Industrial Finishes Spe- being done . . . without sacrifice of quality! 








Hot Lacquer spraying furniture Electrostatic spraying metal frames Steam spraying 300-ib. bombs 


The recently improved application of quality finishes, synthetics by modern methods makes it possible to get 
by hotspraying, steam spraying and electrostatic spray- superior protection with a single application! Saves 
ing is gaining increased acceptance in the finishing of spraying, drying, baking and sanding time. Cuts pro- 
many products. Spraying of these new lacquers and duction costs, increases production capacity! 






These are just a few examples from the files of 


| the Industrial Finishes Specialist! aye vee! the finish | 
| Whatever your product . . . whatever your finish- 
ing problem . . . you'll find it pays to consult an 


Industrial Finishes Specialist. He’s the technically 
trained, production-minded representative of your 
Industrial Finishes supplier. 


a 





To save production time, increase sales, call him ; 
in at the design stage. Remember, more and more of © NATIONAL PAINT, VARNISH AND LACQUER 
your customers start buying with the finish in mind! ASSOCIATION, INC., WASHINGTON, D. C. 
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KESTER SOLDER 
PREFORMS 


Use Kester Soft Solder Preforms for flame, oven, and induction 
soldering. Write today for samples and complete information. 


KESTER SOLDER COMPANY 
4209 Wrightwood Ave., Chicago 39 » Newark, N. J. + Brantford, Canada 


Consecrated 


to Quality Output and 
Golden Rule Service 


"METALITE™’ STRON 


METALLIZED PAPER CAPACITORS 


ULTRA-COMPACT, SPACE-SAVING, SELF- 
HEALING CAPACITORS developed and per- 
fected by our engineers after years of constant 
research and experimentation. Standard in both card- 
board tubular and hermetically sealed metal containers 
they are an essential prerequisite in subminiature equip- 
ment and a “must” where long life and depend- 
ability are required. Reduce your capacitor volume 
by more than 50%. 

STARON CORPORATION 
EL PR EEL 


ee aaclliclaia 18) 


TY FIXED. CAPACITORS ee! Te 


Write for 
complete 


SG CCL edb) 
new catalogue ee 


ing containing 40,000 ft of space has been 
leased from Plywoods-Plastic Corp. 


Reliance Electric & Engineering Co., 
Cleveland, is going to erect a one-story, 
130,000-sq ft building in Euclid, Ohio. 
Also, branch sales offices have been 
established in Newark, N. J., and El 
Dorado, Arkansas. The district office for 
northern and western New York State 
has been transferred to Buffalo from 
Syracuse. 


Estate Stove Co., subsidiary of Noma 
Electric Corp., Hamilton, Ohio, has ac- 
quired Toledo Desk & Fixture Co., 
Maumee, Ohio. 


Owens-Corning Fiberglas Corp., To- 
ledo, Ohio, is going to erect a yarn 
manufacturing plant in Anderson, S. C. 


A group of executives and employees 
of Airborne’ Instruments Laboratory, 
Mineola, N. Y., in association with 
Laurance S. Rockefeller and certain of 
his associates, and with the American 
Research and Development Corp., Bos- 
ton, has purchased the entire capital 
stock of the Laboratory from Aero- 
nautical Radio, Inc., Washington, D. C. 


Benbow Manufacturing Co. has a new 
address, 1000 Edison Way, Menlo Park, 
Calif., as a result of a re-allocation of 
postal delivery areas. 


Oscar Fisher Company, Inc., New 
York, maker of photographic processing 
equipment, has acquired a plant at 1000 
N. Division St., Peekskill, N. Y. 


Detroit branch of George K. Garrett 
Co., Inc., Philadelphia, has moved to its 
own building at 15755 James Couzens, 
Detroit 21, Mich. 





ASSOCIATIONS 
AND SOCIETIES 





G. W. Bailey Elected Director Armed 
Forces Communications Association 


George W. Bailey, executive secretary 
of the IRE and president of the American 
Radio Relay League, has been elected 
national director of Armed Forces Com- 
munications Association. Mr. Bailey has 
long been active in the affairs of the 
New York AFCA chapter, where he is 
now one of the directors. 


O. W. Boston, B. H. Jennings 
Receive ASME Awards 


At the 1950 annual meeting of the 
ASME held in New York, Professor 
Orland W. Boston, chairman of the Dept. 
of Metal Processing, University of Mich- 
igan, received the Worcester Reed War- 
ner Medal for his lasting contributions to 
the art of cutting metals which “have 
improved the productive capacity of 
American industry, stimulated broader 
research and enriched engineering educa- 
tion.” 

Professor Burgess H. Jennings, chair- 
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SILOTEX 


The top-rated magnet wire 
for resistance to heat 


Silotex* Magnet Wire is insulated with an inorganic, textile fibre 
manufactured from alkali-free glass. It is bonded with 

silicone varnish, also an inorganic material. Its smooth green-colored 
surface will resist temperatures up to 200° C—11% higher 

than the 180° C rating assigned to Class H insulation, and 

53% and 90% higher than the top ratings of Class B and Class A. 

An extra margin of safety is obtained with Silotex Magnet 

Wire, which insures better, safer operation of your apparatus. This 
is possible without an increase in space factor since dimensions 

of Silotex Magnet Wire are somewhat smaller than 

cotton-insulated wires. 51359 






Four reasons why Silotex is a better buy 






resists moisture withstands has high is fire 
at extremes in greater operating resistant 
temperature overloads temperature 










range over 
high ambients 


the right wire for the job pa, he 


Contact your nearest Anaconda 
Sales Office or Distributor for 
complete information about Silotex 
Magnet Wire. Anaconda Wire 

& Cable Company, 25 Broadway, 
New York 4, New York. 


iM DA WIRE AND CABLE 
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A; WRITE FOR NEW BULLETIN 5008 


Pera It contains the latest inform- 
RIGHT ation and data on (flexible 
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They are made in two classes: 


POWER DRIVE—Ffor transmitting rotary power to instruments 
and other mechanisms from small motors or other power sources. 


REMOTE CONTROL—For the control of parts that require auto- 
motic or manual adjustment from a remote point. Remote control 
shofts are engineered for smooth, sensitive control because they 
have minimum torsional deflection, approximately equal deflection 
in either direction of rotation and low internal friction. 


FLEXIBLE CASINGS—Serve os runways to 
prevent “helixing”, to protect the shaft and 
to retain lubricant. Casings are metallic, 
fabric-covered and rubber-covered depending 
on the service. 


END FITTINGS — for connecting 
shafts and casings are available for 
almost any shaft application. 


S.S.WHITE SHAFT AND CASING 
COMBINATIONS can be supplied in a 
wide range of diameters and physical 
characteristics in lengths to suit your re- 
quirements. The cooperation of S.S.White 
engineers in working out the most suitable 
combination is yours without obligation. 








shafts and their application. 
Write for a copy today. 


nastiness 


DENTAL MFC.CO. Dept. 3 10 East40thSt. 
NEW YORK I6, N. Y. 









man of the Dept. of Mechanical Engi- 
neering, Northwestern University, was 
awarded the Richards Memorial Award 
for outstanding achievement in mechan- 
ical engineering within 20 to 25 years 
after graduation. 


AIEE Presents Awards At Winter 
Meeting 

At the Winter General Meeting of the 
American Institute of Electrical Engi- 
neers held January 22-26 in New York, 
Dr. Karl T. Compton, chairman of the 
Corporation of Massachusetts Institute 
of Technology, was presented the Hoover 
Medal for distinguished public service. 
Dr. Vannevar Bush, president of the 
Carnegie Institute of Washington, D. C., 
received the John Fritz Medal for not- 
able scientific achievement, and Otto B. 
Blackwell, Plandome, L. I., former as- 
sistant vice president of the American 
Telephone & Telegraph Co., was pre- 
sented the Edison Medal for notable con- 
tributions to the communications field. 


IRE Elects 1951 Officers; 
I. S. Coggeshall Is President 

Board of directors of the Institute of 
Radio Engineers has elected Ivan S. 
Coggeshall, general traffic manager 
of Overseas Communications, Western 
Union Telegraph Co., president for 1951. 
Mr. Coggeshall is noted for his activity 


CALENDAR OF MEETINGS 


Feb. 28—1951 Annual Meeting, 
Inter-Society Color Council, 
Wardman Park Hotel, Washington. 


Feb. 28-Mar. 1-2—Sixth Annual 
Technical Session, Reinforced 
Plastics Div., Society of the Plas- 
tics Industry, Edgewater Beach 
Hotel, Chicago. 


Mar. 5-9—ASTM Spring Meeting 
and Committee Week, Cincinnati. 


Mar. 13-16—1951 Conference and 
Exhibition of the National Associ- 
ation of Corrosion Engineers, Ho- 
tel Statler, New York. 


Mar. 15-17—1951 Annual Meeting 
of the American Society of Tool 
Engineers. Hotel New Yorker, New 
York. 


Apr. 2-5—Spring Meeting, Ameri- 
can Society of Mechanical Engi- 
neers, The Atlanta Biltmore, At- 
lanta, Ga. 


Apr. 16—Semi-Annual Meeting 
Packaging Machinery Manufactur- 
ers Institute, Hotel Dennis, Atlan- 
tic City, N. J. 


Apr. 17-20—20th Annual Packag- 
ing Exposition, American Manage- 
ment Association, Auditorium, At- 
lantic City, N. J. 


Apr. 22-26—53rd Annual Meeting, 
The American Ceramic Society, 
Palmer House Hotel, Chicago. 
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For YouR GOVERNMENT requirements 


Conventional and Wexmetically Sealed Types 
IT’S EASY... Simply submit your 


blueprint and an estimate will be 
promptly forwarded to you. 

IF you desire a sample built to your 
specifications, it can be made for 


you in a short time. 


SEND B/P FOR COST-FREE RECOMMENDATIONS 
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60 pages of 
valuable informa- 
tion describing 

the entire 

line of 

Honeywell 
Automatic Controls 


The KIND of information you want, right at 
your finger tips . . . on pneumatic and electric 
non-indicating controls for temperature, pres- 
sure and humidity. 


Included are many types of switches and relays 
. .. temperature and pressure controllers . . . all 
types of valves . . . and scores of other inex- 
pensive, accurate and dependable controls. 


Catalog No. 8304 is complete and factual .. . 
contains detailed specifications for all prod- 
ucts, with complete supplementary price lists. 
It belongs in your files for ready reference... 
send for your copy today. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4466 Wayne Ave., Phila- 
delphia 44, Pa. Offices in more than 80 princi- 
pal cities of the United States, Canada and 
throughout the world. 


CAA 


BROWN INSTRU] 


in the adoption of electronic methods 
and devices in the telegraph and sub- 
marine cable field. Jorgen C. F. Rybner, 
Copenhagen, Denmark, professor of tele- 
communications at the Royal Technical 
University of Denmark, was elected vice 
president. Mr. Rybner is also a noted 
author of Danish and English text books 
on network theory. 


BOOK REVIEWS 


Proceedings of Symposium On Improved 
Quality Electronic Components—pub- 
lished by Trielectro Co., 1 Thomas 
Circle, Washington 25, D. C. 236 pp. 
$3.50. 


Fifty-two papers on electronic compo- 
nents, given at the Symposium on [m- 
proved Quality Electronic Components 
held in Washington on May 9-11, 1950, 
are compiled in this 236-page book. Pa- 
pers discuss the problem of achieving 
electronic equipment that will meet se- 
vere operational demands with same 
high degree of dependability and service 
life attained in certain types of other 
electrical equipment. Papers cover prob- 
lems such as continuous round-the-clock 
operation, severe environmental and cli- 
matic conditions, ultra-critical duty, size 
and weight reduction, mass productivity 
and simplified maintenance. New trends 
in design and fabrication of electronic 
equipment, improvement in assembly 
methods and quality of components were 
brought out in the symposium. 


Notes on Design, Construction, and Eval- 
uation of Shielded Rooms—by Gusta- 
vus A. Morgan, Jr., Naval Research 
Laboratory. Available from Office of 
Technical Services, U. S$. Department 
of Commerce, Washington 25, D.C. 20 
pp. $0.50. (Check or money order pay- 
able to the Treasurer of the United 
States.) 


Report contains a discussion of per- 
formance standards in the design of 
shielded rooms for electronic research and 
a series of principles to be followed to 
secure the best possible attenuation prac- 
tical under current knowledge. Primary 
attention is given to theory and experi- 
mental configuration. The principal de- 
sign and constructional defects of shield- 
ed rooms are analyzed and common 
methods for measuring shielded-room 
performance are described and criticized. 
A more satisfactory method for locating 
shielded-room defects is also presented. 


Handbook of Chemistry and Physics— 
32nd Edition, published by The Chem- 
ical Rubber Publishing Co., Cleveland 
14, 2836 pp. Size 4% x 7% in. $7.50. 


Thirty-eight years since its initial pub- 
lication, this widely used reference work 
makes its appearance in a new, revised 
and enlarged edition. Some 336 pages of 
new data have been provided, including 
92 pages of isotopic data. and new tables 
on electron work functions of the ele- 
ments, standard scientific and engineer- 
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’ Re: Specifications 


y TO HELP OUR 
METALS SITUATION 
CONSIDER 

OILITE 
PRODUCT 
























of critical materials 


Particularly in mass-production 
units of small and medium size, 
Oilite finished machine parts and 
bearings can be made to your 
design in a broad range of ferrous 
and nonferrous metals and alloys, 
except as limited by government 
control. Moreover, Oilite prod- 
ucts of ferrous base may serve 
excellently instead of scarce non- 


iy 


ferrous units or as replacements 
for steel and castings. 

When you employ Oilite you 
also obtain the benefits of more 
than 20 years’ engineering, re- 
search, and production experience 
in powder metallurgy, together 
with the service of field engineers 
throughout the United States and 
Canada. 


You are invited to contact 





the field engineer in your district or 





write the home office regarding 


A sy, ye the application to your needs 
' of Oilite products. 


AMPLEX manuracturine company 
DETROIT 31, MICHIGAN 

Field Engineers and Supply Depots in Principal U. S$. and Canadian Cities 

OILITE PRODUCTS 

Heavy duty, cil-cushioned, self-lubricating bearings and finished 

machine parts in ferrous and nonferrous metals and alloys. Per- 

manent filters. Friction units. Self-lubricating cored and bar stock. 
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Q Note to Execislinen 


Oilite is an effective 
replacement, not a 


mere substitute 


In the last decade, more and 
more executives have become 
“Oilite minded” because the 
advantages are many.To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder or iron 
powder alloys. Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importance to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
‘metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined in a single 
Oilite unit. Oilite eliminates 
upto24 machining operations. 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods. 
It is not unusual to be in pro- 
duction on a complex Oilite 
part within a few weeks, as 
compared to a possible 18- 
month delivery of machine 
tools. Trained manpower is 
thus released for other urgent 
needs. 

Oilite is not a substitute. 
It is metallurgy’s answer to 
the need for a new material. 
It may solve your problem. 


Kamu 


President 
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rapidly duplicated with giacro 


An example of large 
radius forming. a 
ee 


Send for 


At last—a PRODUCTION BENDER that 
“BENDS THEM ALL” — tubing — angle — 
channel—extrusions—moulding—strip stock— 
bus bars—and of course, all types of solid ma- 
terials. U-Bolts and Eye-Bolts are just two ex- 
amples of the shapes that can be rapidly pro- 
duced in one operation with this hydraulic 
power bender. 


The DI-ACRO HYDRA-POWER BENDER 
can be easily set up in your own plant for a 
great variety of forming operations, or it can 
be delivered completely tooled for speedy pro- 
duction of a specialized part. Investigate this 
universal machine before you buy any “single 
purpose” bender. 


40-PAGE ‘DIE-LESS DUPLICATING’ CATALOG 


giving full information on all DI-ACRO Benders, Brakes, Shears, 
Rod Parters, Notchers, Punches—also our offer of free DI-ACRO 


Engineering Service. 


DI-ACRO is pronounced “DIE-ACK-RO” 


eo PRECISION mac wiMtS 5 


a (Tf 2 
“tess er 


burt 


[ ol-ATRo 


Since 1887 
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309 8th Avenue, Lake City, Minnesota 


WASHERS 


..- Competitively Priced 


Large volume production, the most advanced 
methods and facilities, plus more than 60 years 
of continuous experience in the manufacture of 
Washers, are factors that enable us to offer you 
top quality washers and stampings at competitive 
costs. Over 22,000 sets of dies for making 
Washers of every type (Standard and Special), 
from every type of material, for every purpose, 
in any finish, STAMPINGS of all descriptions; 
Blanking, Forming, Drawing. Submit your blue- 
prints and quantity requirements for estimates. 


WROUGHT WASHER 
MANUFACTURING CO. 


The World's Largest Producer of Washers 


2200 S. BAY ST., MILWAUKEE 7, WIS 
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ing abbreviations and symbols, and Cen- 
tigrade-Kelvin conversions. 


Electronic Subminiaturization—by Gustav 
Shapiro, National Bureau of Standards. 
Available from Office of Technical 
Services, U. S. Department of Com- 
merce, Washington 25, D. C. 189 pp. 
$4.75. (Check or money order payable 
to the Treasurer of the United States.) 


This report by the National Bureau of 
Standards on subminiature assemblies de- 
fines such assemblies as those “whose 
volume is compacted to a dimensional 
unit primarily imposed by the smallest 


| available electron tube.” Developments 


in techniques for miniaturization of elec- 
tronic subassemblies are pointed out in- 
cluding development of necessary deduc- 
tions, design of specific embodiments, 
construction of prototypes and prepara- 
tion of specifications. Report is divided 
into two general parts, the first dealing 
with the design and production of wide 
band i-f amplifiers, and the second cov- 
ering general problems of subminiaturi- 
zation such as temperature and _ insula- 


| tion requirements, capacitors, conducting 


points, wire and solder, potted and mold- 
ed assemblies, inductors and transform- 
ers, subminiature tubes, and sources of 
subminiature components. Technical in- 
formation and methods required to use 
special materials used in the usual elec- 
tronic laboratory are discussed. Neces- 
sity for controlling not only the size, but 
also the shape of components and assem- 
blies is covered. Report also includes a 
complete set of drawings for a subminia- 
turized i-f amplifier. 


Printed Circuits—Final Report—by Rob- 
ert L. Henry; National Bureau of 
Standards. Available from Office of 
Technical Services, U. S. Department 
of Commerce, Washington 25, D. C. 
99 pp. $1.75. (Check or money order 
payable to the Treasurer of the United 
States.) 


Report of the National Bureau of 
Standards on printed circuits contains 
developmental studies on the techniques, 
materials, and component parts that find 
application in the design of printed cir- 
cuits. An approach to printed circuit de- 
sign using new concepts and techniques 
is described. To illustrate the feasibility 
of production techniques, a miniature 
high-gain wide-band i-f amplifier with 
performance characteristics generally use- 
ful in airborne equipment is used as the 
basis of the study. Extreme compactness 
of design causes higher internal temper- 
atures than those encountered in con- 
ventional assemblies and the characteris- 
tics of special components and material 
and construction of final design are fully 
discussed. Book covers simplicity of cir- 
cuit design, use of multiple-function com- 


| ponents, use of thin, flat plates or cylin- 


drical forms as printed-circuit base de- 
signs and other special problems involved 
in the adaptation of printed circuits to 


| machine production. Included is the de- 


scription of a printing press for printing 
circuits on cylindrical shapes. Operation 
of the press is fully described and pos- 
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NO-OX-ID "'C”’ applied to bus wheels prevents corro- NO-OX-ID "'GG"’ and No. 4 Wrapper prevent corro- 
sion and keeps tires from sticking to the metal rims. sion, eliminate condensation on 8-inch cold water line. 















WHEREVER CORROSION THREATENS 
DEARBORN NO-OX-ID PROTECTS | 


Pictured here are just two of the thousands of places where 
the correct NO-OX-ID will prevent costly corrosion .. . 
make maintenance easier. NO-OX-IDs protect valuable 
equipment in your plant against destructive corrosion. 
Maintenance costs go down and profits go up with NO- 
OX-IDs on the job. 

NO-OX-ID rust preventives will also eliminate destruc- 
tion caused by corrosion on the metal products you manu- 





facture while in production ... in storage... in shipment MAIL THE COUPON FOR THIS BOOKLET 
... and on your dealers’ shelves. Contact your Dearborn An interesting, informative booklet which gives 
engineer. He will assist you in the selection of the correct a complete introduction to the selection and 

: ; : uses of NO-OX-ID rust preventives will be sent 
NO-OX-IDs for protection against corrosion of your prod- on request. 


ucts and in your plant. 


DEARBORN CHEMICAL COMPANY 
310 S. Michigan Ave., Dept. EM 
Chicago 4, Illinois 


DEARBORN CHEMICAL COMPANY 
General Offices: 310 S. Michigan Ave. ¢ Chicago 4, Illinois 


Gentlemen: 


Please send me your NO-OX-ID rust pre- 
ventive booklet. 
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sibilities of adapting it to automatic op- 
eration are explored. Suppliers for the 
more uncommon items used in the pro- 
gram are listed. 


Fundamentals of Casting Design as In- 
fluenced by Foundry Practice — by 
Oliver Smalley. Published by Meehan- 
ite Metal Corp., Pershing Square Bldg., 
New Rochelle, N. Y. 62 pp. $1.65. 


Written by Oliver Smalley, president 
of Meehanite Metal Corp., this book on 
casting design compiles many years’ ex- 
perience with the basic principles in- 
volved in engineering design. Book pro- 
vides specific and well illustrated exam- 
ples of correct and incorrect design 
practice and offers a series of definite 
rules to be followed. Chapters entitled: 
general design rules, pattern making, 
molding and core making, gating and 
risering, material selection, welding, hard 
surfacing, and coating and finishing. 


Speaking Can Be Easy . . . for Engineers, 
Too—prepared by the Committee on 
Relations With Industry of American 
Society for Engineering Education. 
Distributed by Engineers’ Council for 
Professional Development, 39 W. 39th 
St., New York. 24 pp. $0.50. 


This practical pocket-size manual, 
Speaking Can Be Easy, was written by 
experienced engineering speakers espe- 
cially for engineers. Illustrations in a 
humorous vein emphasize the major 


ints. The first of the two sections i 
EMC AND CYCLOHM aiid Wie thpacbete; consis topwecel 


FRACTIONAL H.P. MOTORS speeches, planning and preparation, at- 


tention patterns, platform manners and 
UNIVE N : : . : 
. ee Br evanent microphone technique. Second section, 


SHADED POLE INDUCTION TYPES Meetings, covers effective introductions, 
1/2000 TO 1/80 HP. 1/1400 TO 1/5 H.P. starting and handling questions, and as- 
suring bigger and better audiences. Also 
included are 12 selected references for 
further help on the various phases of 

psychology and effective speaking. 


Lighting for Machining Small Metal 
Parts—published by Illuminating En- 
gineering Society, 51 Madison Ave., 
New York 10. 14 pp. $0.50. 


On one of the Society's Lighting 
Study Projects for Industry, this  illus- 
trated report contains recommendations 
for general and supplementary lighting 
through lighting for specific tasks. Special 
attention is given in the latter section to 
lighting required for reading measuring 
instruments, rules, and graduated-feed 
indicating scales. Other sections prescribe 
illumination for bench work and inspec- 
tion, in addition to lighting for precision 
lathes, internal and external grinders, 
shapers and drill presses. 


Manual of Electric Instruments (GET- 
1087-A)—published by Meter and In- 
struments Div., General Electric Co., 
Schenectady 5, N. Y. 150 pp. $1. 


HOWARD HOWARD INDUSTRIES, INC. 


Revised edition of this book on elec- 
trical instruments describes the funda- 
mentals of construction and operating 
principles of all major types. Thirteen 
chapters cover such instruments as: per- 
manent-magnet moving-coil instruments 
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Have you any Ball Bearing 
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may quote? For complete 
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write for Catalog No. 140. 
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NICETOWN PHILADELPHIA: PENNSYLVANIA 


FEBRUARY 1951 












































































Multipole Types, Too! 


in addition to the single- 
pole units illustrated, 
Struthers-Dunn produces 
these hermetically- 
sealed aviation relays in 
types up to 6 poles and 
having the same exact- 
ing characteristics. 
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STRUTE 


MINIATURE RELAYS 
FOR AVIATION’S TOUGHEST JOBS 


These little hermetically-sealed d-c re- 
lays are specifically designed for aviation con- 
ditions involving high shock and vibration, 
elevated temperatures and high altitudes. A 
completely new magnet structure permits 
greatly reduced size with improved depend- 
ability. Three available types are for operation 
up to +85°C., +160°C. and +200°C. respec- 
tively, thus matching specific aviation service 
requirements. Write for S-D Data Bulletin 2410. 


I \- DUNN 


RELAY TYPES 





STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 
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for d-c measurements; rectifier and ther- 
mocouple instruments for measurements 
of high frequencies; moving-iron amme- 
ters and voltmeters for a-c measurements; 
electrodynamometer instruments includ- 
ing wattmeters and varmeters; power- 
factor meters; synchroscopes; frequency 
meters; recording instruments for a-c and 
d-c measurements and other specialized 
instruments to measure electrical quan- 
ities, electrical properties, and nonelec- 
trical quantities. Book is extensively illus- 
rated and has a full reference index. 


STANDARDS 





Household Electric Ranges—Joint pub- 
lication of ASA and NEMA applies to 
household electric ranges equipped with 
surface units, one or more ovens, and 
having connected loads of not less than 
3.5 kw and not more than 21.0 kw. 
Standard contains information concerning 
definitions, method of test, performance, 
durability, safety, rating, nameplate mark- 
ings and information labeling of such 
ranges. Copies of the 20-page standard, 
No. ERI-1950, may be obtained from 
NEMA, 155 E. 44th St., New York 17, 
for $0.90 each. 


Industrial Truck Safety—Recommend- 
ed safe practice in the design and use of 
industrial power trucks are contained in 
32-page standard, Safety Code for In- 
dustrial Power Trucks, B56.1-1950. 
Standard applies to industrial trucks of 
both driver-ride and driver-lead types 
such as platform trucks, tractors, low-lift 
trucks, high-lift trucks, fork trucks and 
special purpose trucks. Copies of the 
standard may be obtained from the 
American Standard Association, 70 E. 
45th St., New York 17, for $0.85 each. 


Radiographic Testing—Proposed rec- 
ommended practice for radiographic 
testing contains five parts: Equipment 
and calibration, exposure of factors and 
arrangement of parts, protection and care 
of films, processing films and viewing 
radiographs, and records, reports and 
identification of accepted materials. All 
persons interested in radiographic test- 
ing are invited to submit criticism and 
comments. Copies are available from 
ASTM Headquarters, 1916 Race St., 
Philadelphia 3, for $0.50. 


Grounding-Type Attachment Plug Caps 
and Receptacles — Two-page American 
Standard C73a-1950 covers the essential 
elements for interchangeability of caps 
and receptacles for grounding the non- 
current-carrying parts of portable house- 
hold appliances and devices. Standard 
was prepared to meet the provision in 
the NEC that requires at least one recep- 
tacle outlet of the 3-pole type for the 
connection of laundry appliances in every 
dwelling occupancy. Exact location of 
the slots in the receptacle is specified. 
Type of metal to be used for grounding 
contacts and the position of the ground- 
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When a jet airplane nears flying speed, its turbine rotor 
is spinning about 12,000 to 15,000 rpm. At that speed 
everything in the engine takes a beating. 

Thrust and centrifugal forces are at work. Heat causes 
expansion stresses. Any imbalance sets up vibration. 
Then there is friction. 

A jet engine is no spot for a part that can’t take it. 

One of the components that lead a hard life is the ball 
bearing for the main rotor shaft. It must be light in 
weight and compact. It must compensate quickly for 
distortion resulting from rapid and wide temperature 
changes. Shaft rigidity must be maintained and the bear- 
ing must overcome heavy gyroscopic forces and powerful 
thrust loads to do so. The shaft must be perfectly 


PLASTICS WHERE PLASTICS 
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How to control a fast ball 


BELONG 


balanced to eliminate vibration at high rotary speeds. 


An important part of the bearing is the ball retainer. 
A large bearing manufacturer selected Synthane lami- 
nated plastic for his retainer. 

Synthane is tough and highly resistant to wear and 
abrasion. Synthane is light in weight. Synthane is di- 
mensionally stable over the temperature ranges en- 
countered. Oils or greases have little or no effect upon it. 

These are a few Synthane characteristics. It has many 
others—physical, mechanical, chemical and electrical. 
This Synthane combination of properties and charac- 
teristics may be the answer to one of your problems. 
To find out, send for the latest Synthane folder. 
Synthane Corporation, 25 River Road, Oaks, Pennsylvania. 
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ELIMINATORS 


for DEMONSTRATING AND 
TESTING AUTO RADIOS 


New Models . . . Designed for testing D. C. 
Electrical Apparatus on Regular A. C. Lines. 
Equipped with Full-Wave Dry Disc Type 
Rectifier, Assuring Noise-less, Interfer- 
ence-Free Operation and Extreme 
Long Life and Reliability. 


“A” Bottery Eliminator, DC-AC Inverters 
Auto Radio Vibrators 


American Tetevision ¢ Ravio Co 
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ing conductor terminal are also specified, | 
| along with the provision that it not be 
| possible to insert grounding blade in 


either of the rectangular slots of the re- | 


| ceptacle. Dimensions and arrangement of 
| cap and receptacle are outlined in draw- 
| ings. Copies may be obtained from the 


| ASA, 70 E. 45th St., New York 17, for 


$0.25 per copy. 


Preferred Iron Core Dimensional Spe- 
cifications — Metal Powder Association 
Standard 11-50T defines the terms com- 
monly associated with electronic cores 
made from iron powder. It also specifies 
the preferred dimensions of standard in- 
sert iron cores and threaded iron cores. 
Specifications include core diameters, 
lengths, screw inserts, size of tuning and 
insert cores, screwdriver slots molded in 


| 


cores. Thread specifications for standard | 
threaded iron cores are given along with | 


outside diameters and maximum length, 
diameter tolerance vs permeability, screw- 


Copies of the 4-page standard may be 
obtained from the Metal Powder Asso- 


ciation, 420 Lexington Ave., New York 
17, for $0.25 per copy. 


Publications 


| driver slots and standard hexagonal cores. | 


‘Manufacturers’ 


For prompt receipt of these selected | 


publications on materials, components, 


technical data and engineering services 
write direct to the manufacturer on com- | 


pany letterhead, 
TRICAL MANUFACTURING 


source, 


RELAYS AND SWITCHES—Compre- | 


mentioning ELEC- | 
as your | 


hensive 88-page catalog and technical | 


| guide, 4071-F, describes and illustrates | 


standard lines of telephone-type relays, | 


mercury-contact relays, polarized relays, 
oil-dashpot relays, special-purpose relays, | 


stepping switches, relay mountings, sol- 
enoids, counters and spark-suppression 
apparatus. Separate page on each type 


| relay or switch gives features, specifica- 


tions, contact forms, mounting data, di- 
mensional drawings and ordering infor- 


| mation. Technical reference data on re- 
lays serve as a selection guide; also data 


on hermetic sealing for all relay types. 
Automatic Electric Sales Corp., 1033 W. 
Van Buren St., Chicago 7. 


SPRINGS—‘Spring Buyer’s Guide,” an 
8-page bulletin, is divided into four 
sections: engineering, manufacturing, ma- 
terials, and a glossary of spring terms. 
First section covers influence of engineer- 
ing and resulting specifications on spring 
cost. Factors such as tolerances, spring 
ends and space design are illustrated by 
diagrams. Next section shows how de- 
signer can effect manufacturing cost of 


springs with either more economical or | 
less economical specifications on quan- | 


tity, coiling. grinding, finishing and in- 








Reader 
Inquiry 
Facility 


e@ If whatever appears anywhere in 
this issue, either in the editorial or 
advertising pages, stimulates a desire 
for additional information, it is only 
necessary for readers to record their 
interests on any one of the postcards 
on page 167, in the manner sug- 
gested. The publisher will function 
for readers, immediately contacting 
the sources for the data requested. 


Readers should feel free to make 
legitimate requests for any data 
which they believe will prove help- 
ful to them, expand their knowledge 
or complete their file. They will be 
expected to limit their requests for 
only that data which is germane to 
their responsibilities and the type of 
projects in which they engage. 


Requests will be processed only if 
the data requested on postcard form 
is complete and legible, also pro- 
vided the card is posted within sixty 
days after publication of the data. 
Issues are mailed promptly on the 
first of each calendar month. 


If it should prove impractical to 
use the card, the editors would be 
pleased to receive letters from 
readers. 
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


Perfaricwance -Pro wed in active duty 


For civilian and military electronic designs . .. RCA preferred-type 
receiving tubes offer these important advantages... 


FLEXIBILITY— RCA preferred-type re- 
ceiving tubes are chosen for the advan- 
tages they offer from engineering and 
equipment production viewpoints. 
They cover an extremely wide variety 
of tube applications in civilian and mil- 
itary equipment...and offer the engi- 
neer flexibility in circuit design. 


PERFORMANCE— These types have 
demonstrated their reliability in equip- 


ment of widely divergent designs. 
Proved in service, they are the logical 
types for future designs. 


ECONOMY — This group of 44 tube 
types represents more than half of 
RCA’s current receiving tube volume. 
By concentrating production on these 
few types having wide application, sub- 
stantial savings are realized in manufac- 
turing costs which are passed on to 


customers ... and quality and perform- 
ance capability are sustained at a high 
level. 


STANDARDIZATION— By concentrat- 
ing on RCA preferred receiving-tube 
types, the equipment manufacturer also 
benefits by his ability to standardize on 
component parts . . . resulting in sub- 
stantial purchasing and stocking econ- 
omies. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON. M.d. 











PENNSYLVANIA 


9, 


STANDARD PRESSED STEEL CO. 
JENKINTOWN 


provement is one of the ways we keep our capacity equal to the 


increasing demand for UNBRAKO Socket Screw Products. 
It takes skilled people, working with top-flight equipment in spa- 


A continuing, long-range program of plant modernization and im- 
cious, well-planned buildings to give you all the UNBRAKOs you 
want, when you want them. 


After all, capacity at SPS simply means: ‘‘We can Deliver . 


Write for your UNBRAKO Catalog. 
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| spection. Third section lists 23 spring 
| materials and characteristics of each 
which determine use for various spring 
| sizes, types and applications. Included 
is check list of five basic factors in 
| writing spring specifications and nine 
| more spring characteristics which are 
sometimes specified. Spring Div., Hunter 
| Spring Co., Lansdale, Pa. 


WORM-GEAR DRIVES — Enclosed 
worm-gear drives with single-, helical- 
and double-worm reductions are de- 
scribed in 80-page engineering manual 
HGA. First part of manual is devoted 
to describing the 10 types of reducers 
for horizontal and vertical mounting, and 
giving general specifications for line. 
Range of ratings is from a fraction of a 
horsepower to over 200 hp; gear ratios 
for single-reduction models range up to 
| 71:1, and up to 4108:1 for double-reduc- 
tion models. Second part of manual con- 
tains application and selection data. Com- 
plete rating tables are given for each 
size of single-, helical- and double-worm 
reductions. Following is a section giving 
dimensions and assemblies for all units. 
Foote Bros. Gear and Machine Corp., 
4545 S. Western Blvd., Chicago 9. 


WELDING ENGINEERING—*Manual 
| of Welding Engineering and Design” 
covers fabricating and assembling. In- 
cluded in the 44-page booklet are sec- 
tions on: advantages of various methods 
of heating such as torch, arc, induction, 
furnace and inert-gas-shield arc; design 
information on different types of joints; 
inspection and control; heat-treating of 
welded parts and welding of heat treated 
parts; basic guide to ferrous metallurgy; 
and data on manufacturers’ line of weld- 
| ing alloys. Eutectic Welding Alloys Cor- 
poration of New York, 40 Worth St., 

New York 13. 


FINISHES FOR ALUMINUM — The 
124-page 1950-edition of “Finishes for 
Aluminum,” supplies basic information 
| on various processes for applying surface 
| finishes, and detail characteristics of 
finishes. Manual includes information on 
10 cleaning treatments, 15 mechanical 
finishes, 16 chemically produced finishes, 
11 electrolytic oxide finishes, organic fin- 
ishes, and specialized finishes such as 
| luminous paints and vitreous enamels. 
A section is also included on controls 
| and tests. Included is a guide for estimat- 
ing costs of applying 20 different treat- 
| ments. Another table gives typical finish- 
ing practices for a wide variety of alu- 
minum products to serve as a suggestion 
when selecting a finish. Reynolds Metals 
Co., 2500 S. Third St., Louisville 8, Ky. 


DRY CELLS, BATTERIES—Catalog of 
120 pages covers complete line of dry 
cells and batteries for radio, ignition and 
telephone and industrial applications; also 
covers compact power supplies for air- 
borne electronic equipment. Curves are 
included which show life at various cur- 
rent drains. Catalog sheets on each type 
_ gives voltages, current drain, taps, di- 
| mensions and weight. Burgess Battery 
Co., Freeport, Ill. 
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Quinterra, type 6, being used as 
interlayer insulation in a Marcus 
distribution transformer. 


Can you 
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| these 


Anihiiia 


THIS LETTER from Marcus Trans- 
former Co., Inc. tells about both 
production and use advantages of 
$ Quinterra . . . the revolutionary new 
purified asbestos, high temperature 
electrical insulation. 

—And it tells about actual savings 
; and customer satisfaction in typical 
- operations with this flexible, con- 
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Johns-Manville 
ELECTRICAL INSULATIONS 


™~ B. B, Woodford 
22 East oth Strate” “O™Poration 
New York 16, New York 


Dear Mr, Woodford;. 


in sises p= dg — Produc 


We 
safety pntiove Jo 


tinuous sheet insulation. Quinterra is 
being widely used for interlayer and 
wrapper insulation in transformers 
and coils. Its lasting dielectric strength 
assures a greater safety factor and 
longer operating life. Quinterra with- 
stands higher temperatures than the 
hot-spot limit of 130C for Class B 
insulations. 
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QUINTERRA 
cuts factory rejects 
reduces complaints 
improves production rate 
produces more uniform product 


cuts costs of 
operations 
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Unitized Electronic Design 
and Construction Techniques 
(Continued from page 83) 





the process consists of making a die in the form of the 
circuit and pressing this die, heated to about 190 F, 
into powdered silver which has been sprinkled over a 
plastics base material. The die is made from a photo- 
graphic negative in a manner similar to the zinc plate 
system used by printers. Resistors are also printed in 
this manner. 

Some have considered the prefabricated or printed 
circuit technique limited in usage for two principal 
reasons. One of these is the apparent difficulty in making 
crossovers, and another the failure of such circuits to 
utilize effectively the third dimension in highly com- 
pacted equipment. Much has been done to overcome 
these initial limitations. Many crossovers may be elimi- 
nated by proper layout of the flat circuit; others are 
provided by printing both sides of the panel. 

A fairly comprehensive answer to the crossover prob- 
lem and the third dimensional problem as well, is 
provided by the principle of “decking.” This, for ex- 
ample, is a basic principle in the Auto-Sembly method 
referred to previously. This method contemplates form- 


VITREOUS ENAMELED ROUND POWER RHEOSTATS ing circuits on insulating panels by the etching process, 
7 Sizes * 50 to 500 Watt © Spring-Hinged Contact Arm Assures and attaching all conventional components to the panel 
ee ee Le conductors simultaneously by dip-soldering. After such 

PROTECTED and UNPROTECTED TUBULAR assembly, the decks are spaced apart precisely as are the 
SLIDE-CONTACT RHEOSTATS POWER RESISTORS decks of a ship with “headroom” for the components 


ee determining the deck spacing. Longer decks provide for 


the components which project unduly from the mounting 
panel. Interconnecting pins are inserted into the decks 
where they are secured precisely as the other com- 
ponents. These interpanel connectors make the circuit, 
as well as the assembly, three-dimensional. One labora- 
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VA make every type of 


spring in all sizes, shapes 


EET 


and designs for any use in 
the electrical field. 






Write for free copy of our 





booklet, “Springs and Formed Wires.” 


Fig. 13—An example of the “component bank” unitiza- 
tion applied by Pacific Div., Bendix Aviation in its “Elec- 
trobank”’ system of subminiature design. 
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tery has achieved interesting results by placing printed 
circuits approximately 1 in. apart and suspending com- 
Executive Office — 500 Fifth Avenue, New York 18, N. Y. ponents attached by their leads between them. 

La. Available methods to secure components to panel-type 


PRODUCT OF WICKWIRE SPENCER STEEL DIVISION + THE COLORADO FUEL & IRON CORPORATION 
Spring Sales Office and Plant— 2 New Bond Street, Worcester 6, Mass. 
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( Advertisement) 


Universal Clear Lacquer 
Simplifies Job Scheduling 


The feasibility of using the same lac- 
quer for applying clear protective coat- 
ings on a wide variety of metals has 
made possible not only the reduction of 
lacquer inventories, but also the more 
efficient scheduling of finishing jobs. This 
feature of DULAC Clear Universal Lac- 
quer #462 is particularly important to 
job finishing shops, and is also a point of 
considerable value in the finishing rooms 
of fabricating plants handling more than 
one metal. 


Parts of different metals can be sprayed at the 
time by using DULAC #462. 


same 


SAVES TIME IN COATING 
When DULAC #462 is used, there 


is no need of switching from one lacquer 
to another whenever a batch of a new 
metal is to be finished. Hence the prep- 
aration time in the finishing room can 
be substantially reduced, with more man- 
hours made available for actual produc- 
tion. Jobs involving different metals can 
be scheduled to follow one another with- 
out delay; in the case of very short runs, 
many different metals can even be fin- 
ished at the same time. 


REDUCES CHANCE OF ERROR 


A further advantage of using DULAC 
#462 is that it materially cuts down the 
danger of applying the wrong clear lac- 
quer on a given metal, and thus reduces 
the risk of inspection rejects or service 
failures. 


Technical Data Bulletin #110 on 
DULAC #462 is available from the man- 
ufacturer, Maas & Waldstein Company, 
Newark 4, N. J.; Chicago, 12; Los 
Angeles, 34. 
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Meets Mt we cut dear 
lacquer inventories in half 


DULAC CLEAR UNIVERSAL LACQUER +462 
Fully protects almost any metal! 


@ There’s no need to tie up money—and storage space—by stocking a different 
clear lacquer for every metal you coat. The experience of finishing shop after 
finishing shop* has demonstrated that a single lacquer—DULAC Clear Uni- 
versal Lacquer #462—gives equally outstanding protection on: 


STEEL BRASS BRONZE 
ALUMINUM COPPER CADMIUM 
SILVER MAGNESIUM ZINC 


This M & W lacquer is practically 
water-white in color and forms a 
tough film that resists perspiration, 
stain spotting and corrosion—with- 


stands heat and cold, and has excel- 
lent adhesion to most metals. Applied 
by spray, dip or brush—dries out of 
dust in 5-10 minutes, hard in an hour. 

“Names on reques? 
For complete information, write for Technical Data Bulletin 


#110 or let our M & W technical consultant discuss your require- 
PROTECTION ments privately with you. 


MAAS & °SS/WALDSTEIN COMPANY 2233. 


PACIFIC COAST DIVISION: SMITH-DAVIS CO., 10751 VENICE BOULEVARD, LOS ANGELES 34, CAL. 
MANUFACTURERS OF INDUSTRIAL FINISHES A 
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PARTS 
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SEND FOR THIS 
FREE BOOKLET 


Check Powdermet adventages 
fer your geors + filters - coms « 
pele pieces - ratchets « tuning 
aiatign aneb cea. 
velves +» switch ports 


in this helical gear (7° helix angle) 
Powdermet saved over 30 cents! 





“Matched pairs” like these... 


identical in precision and 
performance...preve the 
amazing economies made 
ble through Powdermet 

abrication. And when special 
properties like electrical 
permeability or controlled 
porosity are important, 
Powdermet parts offer func- 
tional advantages too! Exclu- 
sive Powdermet production 
techniques have extended the 
application of powder 
metallurgy to whole new pro- 
duction fields—helical gears, 
stress members, filters—write 
today for the free booklet 
shown here and see how you 
can save with Powdermet parts! 
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subassemblies provide great flexibility. Standard com- 
ponents are readily used by passing the component leads 
into holes through both panel and circuit conductors. 
There is a distinct trend to provide special components 
to suit this mounting method. Examples are resistors 
and capacitors with right-angle leads, and components 


Table Il—Selected Examples of Preformed 


or Printed-Circuit Design 


Product 


Hearing aid 
amplifiers 


Loop antennas; 
TV tuner 
assembly 


Miniature regula- 

tor for remote 
positioning con- 
trols 


I-F amplifier 
(60mc) 


Humidity control | 
Decade counter 


Printed 
potentiometer; 
radiosonde 
commutator 


**Citizen’s Radio” 
oscillator 








Three-tube ampli- 
fier, interstage 
coupling plate, 
vertical integra- 


tor for TV appli- | 


cation, printed 
circuit filter 


Circuits for ampli- 
fiers, receivers, 
etc. 

Layer-built 
circuits 


A-c/d-c radios 


| or manufac- | 





Developed 





tured by 


Telex, Inc. | 
| 


Franklin 
Airloop 
Corp. 


Remarks 


Conductors and _ resistors 
printed on_ polystyrene 
base. Special ball bearing, 
sub-miniature tube socket. 





Stamped from thin metal 
sheet 





Airesearch | 
Mfg. 


Company 


National 
Bureau of 
Standards 





Minneapolis- 
Honeywell 
Regulator Co. 


Sylvania 
Electric 
Products Co. 


Glass 
Products Co. 








Stewart- 
Warner 
Electric and 
Centralab 
Div. of 
Globe-Union, 
Inc. 


| 





Centralab 
Div. of 
Globe-Union, 
Inc. 


Henderson & 
Spalding 
Sprague 
Electric 
Company 
Sargrove 
Electronics 


Ltd.(London) 





Uses etched circuits 


Multilayer circuits on cy- 
lindrical ceramic base 





Sprayed circuits, potted 
plug-in assemblies 


Eleven-tube unit, each sec- 
tion printed on steatite 





Printed potentiometer has 
printed resistive loop with 
painted radial contacts 





Tank inductor printed on 
special ceramic 


Circuits stencilled or spray- 
ed on steatite or hi-K ce- 
ramic 


Acid-etch process. Foil on 
plastics or treated paper 


Vitreous enamel process, 
(original DuPont Process) 


Spraying-milling technique, 
completely mechanical, in- 
cluding testing. Machine 
now dismantled because of 
lack of market for large 
quantity of each required 
to produce units economi- 
cally 


with no leads at all which are attached directly to the 
conductors. Another example is a flat rectangular- 
shaped resistor element now under development. The 
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The G-E Winding-Insulation Tester is also applicable for testing 
generators, transformers and coils. With it you can: 


Call your G-E sales office or see your authorized G-E distributor 
soon. For free descriptive literature CLIP THE COUPON 


WINDING- 
INSULATION TESTER 


Pree CULL 


One motor manufacturer recently told us that 
since installing a General Electric Winding-Insulation Tester he has— 


@ cut rejects on motors from 4% to 0.1% 


© been able to test as many as 10 stators a minute in 
the small sizes 


@ been able to find faults that other tests would not 
show. 


@ conduct over-all surge tests 
@ detect too many or too few turns 


@ detect grounds, short circuits, open circuits, shorts 
between turns and shorts between phases. 


GENERAL ($6) ELECTRIC 
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The test operator easily detects faults by 
observing the wave shape on the scope. Vari- 
ations in the oscillogram indicate the nature 
of the fault if any. 


Section B687-61, Apparatus Dept., 
General Electric Co., Schenectady, New York 


Please send me bulletin GEC-321 on your winding- 
insulation tester. 


Ciplanning an immediate project 


Cifor reference purposes 
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resistor is cut from a resistive tape, thus permitting high 
accuracy in manufacture. It is attached to the circuit by 
soldering, firing, or silvering techniques. There are also 
a number of fairly well-established techniques for per- 
forming conductors on panels, for applying components 
to these panels, and, when advantageous, for assembling 
these panels into three-dimensional units. 

The Pacific Division of Bendix is working on a 
development for the Bureau of Ships embodying ‘“‘com- 
ponent banks.” The tubes are all wired in banks, Fig. 
13, on one or more base-plates. Resistors as well as 
capacitors are also placed on separate plates. The plates 
are assembled by stacking them against each other with 
all leads protruding from a common end. Thin sheets 
bearing printed-circuit conductors and prelocated holes 


Table III—Examples of Sealed Construction 
(Other than Embedded) 
















Product Developed or | Remarks 
| manufactured by | 


I-F amplifier National Bureau | Sealed in inert gas (ni- 
(60 mc) | of Standards trogen) 


Communications | Radio Corp. of | Some over-all and some 
transceiver America partially sealed 


R209 transceiver’ Mullard Electron-| Developed by Signals 
ics Products Ltd., Research and Dev. 


(London) Establishment (exhib- 
ited operating under 
water) 

Airborne monitor | Technical Re- Sealed in circularly-cy- 


| search Establish-| lindrical can 
¥ ral la . | ve . *\° 
Servo amplifiers | Servomechanisms,| Amplifier sealed in sili- 
| Inc. | cone fluid 


Sealed meters | Marion Electrical | 
Instrument Co., | 


and Wes 
with AC Contactors | Electrical Instru- 
and wice versa | 





ment Corp. 























Television | Crosley Corp. | Local oscillator tube 
: I 
. . front ends | and tuned circuit, an- 
Put a DC power plant in Ward Leonard’s 4110 across- | tenna matching trans- 
the-line AC magnetic starter, and you can former contained in 
. cass | sealed can. Plug-in 
. -- do direct AC switching from DC battery voltages oe = 
..- hold-in despite poor voltage regulation—down Sealed,“ printed” | Balco Corp. | ““Balcoil” — glass tube 
to 15% of rated voltage inductor | with metal coil de- 
... eliminate troublesome AC hum oe ed interior. 
| Ends sealec 
Or use a DC contactor with an AC power plant (Ward [omer | = 
Leonard designed the contactors for this) and— Sealed high- oe Condenser R-f source and rectifier 
: 5 voltage supplies} Products Corp. | in sealed can. High 
. +» Switch a variable-voltage DC control system | voltage, low current 
from a constant potential AC source - possss - ; 
... get dynamic braking just by adding a contact— Telemetering | Cook Electric Sealed subassemblies. 
rather than a separate contactor assemblies | Corp. Seal checked with mass 


| 
. ss 3 cs | spectrometer 
Investigate Ward Leonard AC-DC combinations. Write | 
for Control Catalog. WARD LEONARD ELECTRIC Co., 34 
South Street, Mount Vernon, N. Y. Offices in principal 
cities of U. S. and Canada. 





are placed over and through the leads and soldered in 
place to complete the wiring. Thin aluminum-glass 
laminates provide sturdy conductor sheets. The circuit 


eet lem LEONARD is produced by selective etching. 


Some thought and attention has been given to the 


ELECTRIC COMPANY development of mechanized techniques wherein selected 


components are combined with printed conductors on 
Ruagc-E CT AT LI a On T/, a conveyor-belt type of process. The belt moves a 
ceramic plate under a stencilling mechanism which ap- 
plies the conductors. It then moves under hoppers which 


RESISTORS + RHEOSTATS + RELAYS +» CONTROL DEVICES 
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release cylindrical or rectangular shaped resistors and | 
capacitors with tinned ends into molded hollows on the | 
plate. The unit then enters a heating chamber where | 
the paint is dried, and the components soldered to the | 
conductors. 

Other typical printed-circuit developments are listed 
in Table IT. 


Hermetically Sealed Assemblies 


The word hermetic, as applied to sealing, is defined as 
“providing against any gas or liquid leakage, as by 
fusion.” Many sealed equipment packages today are truly 
hermetically sealed, others are semihermetically sealed. 
Hermetic sealing has the principal advantages of pro- 
tecting the equipment against humidity, dirt, and other 
contamination; it allows use of unprotected com- 
ponents, and prevents or discourages unauthorized or 
unskilled tampering in the field. (See Table III.) 

Hermetically sealed individual components have been 
in use for years. A variety of sealing methods have 
evolved, some providing not only sealing but also good 


mechanical support. Practically all of these methods are | 


recognized to a varying extent in present equipment- 
packaging developments which include metal cans filled 





with asphaltic potting compounds, waxes, oils, and gases, 
and also resin embedment without use of cans. 

Use of oil filling in equipment packaging has not been 
extensive. Although it has obvious virtues, including 
that of good cooling, special support of the components 
is required, and oil leakage poses a problem. It may not 
enly be untidy but hazardous to the equipment. How- 
ever, a silicone fluid filling has been used successfully 
in a standard servo amplifier. The unit is effectively 
sealed by the use of an induction-heating-soldering 
technique which is applied to the entire can periphery. 

Inert gas filling has specific virtues in providing 
light construction, fair heat removal, and certain favor- 
able electrical qualities. It reduces deterioration of com- 
ponents caused by oxidation at high-temperature opera- 
tion. It also helps prevent corrosion of commutators 
and switch contacts, arcing of relays and switches, and 
prevents oxidation of lubricants in moving assemblies. 
Its shortcomings are that it provides no mechanical 
support or vibration damping, and _ relatively little 
insulation between components. It requires a controlled 
atmosphere for servicing or fairly complex drying 
facilities for both the equipment and the gas used for 
filling; also, in many cases, it requires special tools for 
sealing. A good example of the use of gas filling is in a 
National Bureau of Standards 60-mce i-f strip. 

Embedment of components in ceramics and in phe- 
nolics has been applied to some extent. The embedded 
components have so far been limited to circuit conduc- 
tors, inductors, capacitors, and resistors. But one of 
the most promising of hermetic sealing techniques is 
that of embedment (or rather potting) in cast resins 
that polymerize in place.* This technique has been 
most widely applied to electronic assemblies. Resin em- 
bedment has the virtue of rigidly supporting the com- 
ponent against extreme vibration and shock. It is rela- 
tively easy to apply, requires no special container and 
reduces the amount of mounting hardware required. 
However, its use involves certain problems, such as 


*A detailed discussion of this phase of the subject is scheduled for 
a later issue-—The Editor. 
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by keeping one jump 
ahead in design 


The smaller the equipment—the more trouble from high 
inrush currents... 


This portable telecast equipment first used a single pole 
supply line relay—but the high inrush currents the instant 
after closing, sometimes welded the contacts. Solution 
appeared to be to use a larger relay or to alter the equip- 
ment, increasing its size. 

Then: Ward Leonard suggested a heavy-duty midget par- 
allel contact relay—no larger than before—with poles 
paralleled and with silver-to-carbon contacts on one pole 
making contact before the silver-to-silver contacts close 
on the other pole. 

Investigate Ward Leonard facilities for variations of 
standard designs to simplify your control. 


WARD LEONARD ELECTRIC CO., 34 South Street, Mount 
Vernon, N. Y. Offices in principal cities of U. S. and 
Canada. 
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12651 BURT RD. © DETROIT 23, MICH. 


HARDENED AND PRECISION GROUND PARTS 

e ALLITE ZINC ALLOY DIES e R-B INTER- 

CHANGEABLE PUNCHES AND DIES ¢ STANDARD 

CAP SCREWS e SPECIAL COLD FORGED PARTS e SHEET METAL 
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increased circuit capacitance and relatively high dielec- 
tric losses (particularly at frequencies above 100 mc), 
because most resins will not withstand extremely high 
internal temperatures and have a poor coefficient of heat 
transfer. Access for repair in this type of construction 
is difficult. 

Notwithstanding such problems, the use of resin- 
embedded circuits is steadily increasing and means are 
being found to circumvent many of the shortcomings. 
The requirements of an ideal casting resin are many. 
Several good special-purpose types for varied require- 
ments are now on the market. These are principally the 
polyesters. However, development of fundamentally 
new polymers is under way. All things considered, the 
cast resin packaging techniques show great promise, but 
much experience is still needed to evaluate their applica- 
tion and to prove their reliability. 

In reviewing the new methods for mounting and pack- 
aging components, it appears that more attention should 
be given to the spray or dip coating of electronic assem- 
blies. Suitable coatings provide secure mounting for the 
components, add less to interlead capacitance and to 
electrical losses and weight, and facilitate repair. Plas- 
tics foam embedment, used in foam coatings, appears to 
offer promise, but this technique as vet has not been 
adequately exploited. 


Summary 


There is great need for improvement and refinement 
of the known techniques for mechanized production if 
we are to meet the impending requirements for reliable 
equipments. More than this, fresh engineering ap- 
proaches are necessary, perhaps even radical departures 
from present ideas. The component-bank ideas of 
Bendix and the Auto-Sembly process of the Signal 
Corps are indicative of the desire to meet this chal- 
lenge for new approaches. 

Ultimate objectives are the mechanized production of 
complete electronic circuits including resistors, capaci- 
tors, and other simple components manufacturable to 
close tolerances and with good performance character- 
istics. Before this can be achieved satisfactorily, we will 
need to know much more about the properties of the 
materials used in the components. New body materials 
having such properties as light weight, good strength, 
high heat conductivity, and low electrical losses are 
needed to form the base for the circuits. Until means 
for applying resistors and capacitors of desired toler- 
ances are available, present methods must allow for 
attaching these separately manufactured components. 

Other items which need careful consideration are: 

1. Temperature Problems. High temperature is in- 
compatible with reliability with many of the materials 
which must still be used. Unitized assembly and minia- 
turization present serious problems of heat removal. Al- 
though studies are underway in some laboratories, 
greater emphasis must be directed toward developing 
better means for conducting heat away from components 
to the walls of the package and externally away from 
the package itself. 

2. Mounting and interconnection of components in 
assemblies using conventional components. Wiring 
frameworks and chassis are employed to which com- 
ponents are soldered prior to embedding. Improved 
methods of supporting the components and intercon- 
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Like a protective bandage, Po/yken 
No. 156 guards delicate wire leads 
against corrosion in this relay coil, 
which goes into radar equipment. 





Wrap up your relay troubles 


in this great tape! 


When you wrap outer wrapping around the fragile 
wire of a relay coil you have to be sure of two things 
—that the wrapping won't corrode the wire; that it 
will resist aging, abrasion, and moisture. 


Polyken Industrial Tape No. 156 solves both of 
these problems for you. The special rubber-base 
adhesive of No. 156 is noncorrosive to start with 
and stays that way. Its acetate cloth backing has a 
dielectric strength of 2,000 volts, an insulation re- 
sistance of 100,000 megohms, and a remarkable re- 
sistance to aging and abrasion. Yet No. 156 is only 
008 inches thick! 


The Allied Control Company, Plantsville, Conn., 
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makers of relays and electronic controls, started 
using No. 156 at the suggestion of Polyken engi- 
neers and found it exceeded expectations. For in 
addition to its noncorrosive and age-resisting qual- 
ities, Polyken Industrial Tape No. 156 wraps around 
coils easily and smoothly. Sticks to any surface as 
well as its own, and stays stuck. 


FREE SAMPLES. Write now for complete 


engineering data, plus samples of Polyken 


No. 156. Address Polyken, Dept. EMB, 222 
West Adams Street, Chicago 6, Illinois. 





Polyken Industrial Tape, Department of Baver & Black, Division of The Kendall Company 

















SAVE MONEY! SEE US BEFORE YOU DESIGN IT! 
Write, wire or phone your needs today! Chances are 
we have just the mould you want! Lowest possible 
prices — prompt, efficient service. Request new 44 


page catalog, today. 
2 bber Company 


424 N. Wood St., Chicago 22, Ill. 





No false contacts 
No chatter 
Quiet in operation 


Eliminates double 
contacting or 
breaking of circuit 


\ 
\ 


\ 
UTP EL Cia} 


STEEL MERCURY TIMERS 


The steel-clad "fixed time’ Durakool 
timer-relay operates in “sealed in” 
hydrogen under pressure, with mercury | 
to mercury contacts. Timing is tamper- 
proof: Non-breakable and built for 
millions of contacts. Fixed time delays 
available from 1/6 to 20 seconds, 
either normally open or normally 
closed action. 

See Telephone Directory for Local Distributor Send for Bulletin 800 
or write 


Durakool, Inc. Elkhart, Indiana 
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necting them are needed so as to facilitate manufacture 
and provide maximum resistance to shock and vibration, 

3. Connectors. Improved connectors for subassembly 
packages are needed to provide reliable electrical and 
mechanical connections and easy means of disconnection, 
Hermetic sealing and resistance to mechanical distor- 
tion on removal are necessary requirements. 

4. Hermetic Sealed Containers. Improved designs 
and fabricating techniques for containers are required 
employing strong lightweight metals. 

5. Liquid Sealed Units. Adequate evaluation is rec- 
ommended of the possibilities of employing liquid fillers 
for hermetic sealed units. Certain oils such as the sili- 
cones, which have good thermal conductivity and elec- 
trical properties, appear to have advantages not fully 
exploited. 

6. Component Leads. Metals for component leads 
should be investigated to provide both good soldering 
and resistance-welding properties. 

7. Expendability of Unitized Subassemblies. Further 
evaluation should be made of the advantages and dis- 
advantages of making components of packaged sub- 
assemblies accessible for repair. In commercial units, 
this is a function of the cost of replacement of the com- 
plete unit vs cost of servicing. In military usage the 
matter is dependent on the tactical situation. In peace- 
time, the unit might well be repaired if servicing costs 
are not excessive. In time of battle, complete discarding 
of the faulty unit may be best except where replacements 
are not available. 

8. Front Panel Controls. As units are reduced in size, 
the problem of controlling several shafts in a restricted 
area becomes paramount. Further attention and ingenu- 
ity are needed here. 

9. Causes of Faults. Extensive studies of the principal 
basic factors leading to faults in electronic equipments 
are needed. ood 
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issue. (9) An application still in the development stage 
is the use of the calendering technique to produce glass- 
backed or unsupported electrical insulating tapes. By 
controlling the degree of the cure on the calendered 
sheet a tape can be produced which, when wrapped on 
itself (as in half-lapped taping operations), will be 
completely self-sealing upon further application of heat. 

Another feature of this silicone rubber is its ability 
to bond with steel, copper, brass, also glass and other 
surfaces, simply with the application of a new primer. 
An excellent bond, splitting in the rubber, rather than 
at the interface, is said to be obtainable. Silicone-rubber- 
metal combinations offer some interesting possibilities 
in component design and fabrication, where the thermal 
and dielectric properties of the rubber can be combined 
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Polypress 


to increase production, reduce manufacturing 
costs, and improve product performance. 

The Hydent connecting method — terminals of 
seamless, tin-plated copper tubing longitudinally 
indented to an automatically-controlled depth — 
is adaptable to any assembly operation at the 





bench or on the job. Let Burndy engineers study your ==§= guRNDY, New York 54,N.Y. 

product, your problem, and help you select the With no cost or obligation on our part, please send: 
best method to — higher-rate, lower-unit-cost, [_] New, complete Hydent Catalog 
uniform connections, even with unskilled personnel comoles of Hydent connectors 


([] Burndy engineer to help analyze our products and problems with an 
eye to more efficient, economical terminal installation. ‘ 





NEW YORK 54, N.Y. 
Burndy Canada Ltd., Toronto 8, Ont. 
Western Branch: Vernon 58, Calif. epi ue tes tae 
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CHECK THESE ADVANTAGES 
in Using Phillips 
Recessed Head Screws 


© Rapid Driving 
© Snug Assemblies 


© Excellent Bearing— 
Better Holding 


© Attractive 
Appearance 


® No Marring or Work 
sroteee from Driver 
pping 


: 
MU Matas CT 
Screws and Bolts 


Spee 


= Power and Hand Driving 


VS @ Material reduction in driving 
time is effected with Phillips Re- 
cessed Head Screws. There is no 
lost time in driving the screw 
straight into the work or center- 
ing the driver in the head recess. 
In the Phillips Recess, fully engi- 
meered mechanical principles 
are so correctly applied that 
each angle, plane and dimen- 
sion contributes fully to driving 
efficiency. 


Major reasons why you should use Phillips Recessed Head Screws and 
Bolts...they are easier to drive...safer to use...no driver slippage...no 
marring of work... final product appearance is improved. 


OTHER EFFICIENT ASSEMBLY-LINE PHEOLL PRODUCTS 
Square Head Set Screws ¢ Headless Set Screws © Socket Cap and 
Set Screws @ Thumb Screws ¢ Stove, Chair and Ladder Rods 
* Cortinuous Threaded Rods ¢ Rolled Threaded Wire and Studs @ 


Special Rivets and Pins 
e Brass Washers. 


MANUFACTURING COMPANY + °Z00 Roosevelt, Rood 
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NECCO Varnished Asbestos 


Cloth is close-woven, 
uniformly varnish im- 
pregnated... premium 
quality electric insul- 
ation, competitively 
priced. Just try it. 


a a: (COIL COMPANY 
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to advantage with the structural properties of metals. 

During the floor discussion representatives of Dow 
Corning and of Dow Chemical Company noted that 
similar developments in improving silicone materials 
are being made by their companies. The vital import- 
ance of investigating all new materials was underscored 
at the close of the symposium on insulation application. 
One member challenged the value of engaging on long- 
range evaluation program devoted too narrowly to 
certain materials. “By the time you’ve been working 
for two or three years on such programs, the march of 
new developments has passed you by and the materials 
you’ve been investigating may be obsolete.” 

Robert F. Field, General Radio Company, discussed 
measurement techniques and test conditions for deter- 
mination of the “complex” dielectric constant of di- 
electrics, which comprises the “real” component (or 
the ordinary dielectric constant) and the “imaginary” 
component (or loss factor). Conditions under which 
such measurements must be made are: frequency, 
temperature, pressure, and voltage gradient. Shape of 
speciment and accuracy of the measurement are further 
considerations. Most important condition is the fre- 
quency, since the real component of the dielectric con- 
stant has the greatest value at zero frequency and de- 
creases in a series of stairlike drops to unity at infinite 
frequency, while its imaginary component rises to a 
peak at each of these drops. 

Complete study of any dielectric material requires 
measuring equipment capable of operating over the 
frequency range from zero to 300 kilomegacycles. It 
is now possible to do so, Mr. Field stated, at both 
ends of this spectrum, although not “without consider- 
able difficulty.” From 1 cycle to 100 me, bridges with 
null detectors are available, with the Schering circuit in 
most general use. Below 1 cycle, recourse must be 
had to current-time curves. Between 1 and 100 me 
resonant-circuit methods compete with the null methods 
of bridges. Above 150 mc, standard impedances with 
lumped parameters are replaced by distributed para- 
meters of coaxial lines, wave guides, and resonant 
cavities. 


Testing at Other than Room Temperature 


As to the second condition in dielectric measurements, 
temperatures other than room levels have to be obtained 
by placing the specimen in an oven or refrigerator. 
This necessarily increases the length of the leads to 
the specimen and introduces errors at the higher limits. 
Above 10 me, either part or all of the measuring ap- 
paratus has to be heated or cooled with the specimen. 
Dielectric studies make it increasingly important to 
be able to measure over the entire useful temperature 
range, up to 400 C. 

Of the three remaining conditions, pressure and 
voltage gradient produce but little change (except in 
gases, and provided no ionization occurs) but the 
effect of high relative humidity is great. Measurements 
made under high humidity require conditioned closed 
space and the sample should not be removed for the 
measurement because the surface conditions would 
change. Guard electrodes should be used below 10 mc 
to remove effects of surface conductivity and polariza- 
tion. 

As to accuracy, null methods produce errors of +0.1 
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W 71TH THIS NEW Safety Circle to- 


tally-enclosed fan-cooled motor, 
you can cut maintenance requirements 
on your product to a new low. For here 
is a TEFC motor that cannot clog. 

A powerful fan blows cooling air 
over the finned exterior of the motor. 
Internal air passages with their dirt- 
catching seiliats are eliminated. If 
sticky dirt makes cleaning necessary, 
it is the simplest of maintenance oper- 
ations which can be done in a few 
minutes with an air hose. Unrestricted 
air flow reduces power loss and wind- 
age noise. 


Cast Iron Frame 
The frame of this new Safety Circle 
totally-enclosed fan-cooled motor is solid 


Easy to Clean 
ts Corrosio 


cast iron with the well-known rigidity 
and inherent corrosion resistance that 
only cast iron has. Bearings are lubri- 
cated at the factory and operate without 
attention or cost for years. 


Nation Wide Service 


There are 86 Allis-Chalmers Certified 
Service Shops in industrial cities all 
over the country to give your customers 
factory approved service and parts wher- 
ever they may be. An Allis-Chalmers 
representative familiar with designers’ 
problems will be glad to show you the 
complete details of this motor. Just call 
your nearest Allis-Chalmers Sales Office 
or use the coupon at the right to send 
for bulletins. 


Safety Circle is an Allis-Chalmers trademark. 
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We can supply you with any type of sheet metal 
fabrication. We are accustomed to supplying, on 
a production basis, even the most intricate fabri- 
cations. Our plant is completely equipped to per- 
form every step in construction through finished 
manufacture quickly and economically. Why not 
let us quote on your job now. 


Wit 
RIESTER & THESMACHER 






212 


MANUFACTURERS Co 


as Geen 1526 W. 25th ST. 









CONTRACTORS 
eed CLEVELAND 13, OHIO 
VENTILATION, 

AIR CONDITIONING € teed 11-0154 























per cent in capacitance and +1 per cent or 0.0001 in 
dissipation factor. Errors 2 to 10 times greater may 
appear at the higher frequencies when using resonance 
methods and slotted lines and wave guides. Analysis of 
current-time curves increases these errors to £10 per 
cent and +50 per cent respectively. Thickness measure- 
ments of disk samples limit the accuracy of calculation 
of dielectric constant to +1 per cent. 





Special Problems in Shipboard Equipment 


Some practical design considerations related to ship- 
board electrical equipment were invoked by A. T. 
McClinton, Naval Research Laboratory, in his dis- 
cussion “Factors Affecting Minimum Safe Leakage 
Distances.” The need for reducing leakage distance 
(defined as the shortest path on the surface of an 
insulation material over which leakage current 
may flow) is apparent in any problem related to de- 
crease in equipment size and weight. 

Present standards and knowledge of minimum leak- 
age distances, Mr. McClinton stated, are inadequate. 
Available information is not based on experimental 
evidence, but stems rather from industry experience 
in commercial practice and cannot be extended to 
marine applications. Complete freedom from insulation 
breakdown, necessary in any electrical system, cannot be 
overemphasized in shipboard equipment, where the 
entire vessel may be vitally damaged by insulation 
failure. 

Important factors in establishing safe leakage dis- 
tance are the magnitude and effect of surface leakage 
currents. The magnitude depends upon characteristics 
of the surface, the surface contamination, and the 
voltage gradient. Since the power losses resulting from 
the flow of leakage currents is inconsequential in power 
systems, the only concern is with damage to the surface 
of the insulation. 

Leakage current due to voltages of breakdown value 
or higher, does not represent the minimum current re- 
quired to damage the insulation. The current that causes 
“tracking” damage should also be considered. (See 
Fig. 3) Usually such damage has been overlooked as 
a criterion for determining minimum safe leakage dis- 
tance. Instead, distances have been determined on the 
basis of breakdown voltage values, with the result 
that the small distances apparently permissible have to 
be increased in practice by some reasonable value to 
give an appropriate factor of safety. Although voltages 
that are equal to or greater than tracking voltage (but 
less than breakdown voltage) cause only partial damage 
to the insulation, such damage effect is cumulative. 
(See Fig. 4 on page 105.) 

Conclusions 1eported by Mr. McClinton as a result 
of this investigation are: 

1. The minimum safe leakage distance should be 
determined by the absence of damage to the insulation 
by the leakage currents. 

2. Magnitude of the leakage current is dependent 
upon the length of leakage path, the voltage gradient, 
and the amount and nature of contamination. (Water 
and soluble conducting contaminants, such as sodium 
chloride and sodium sulfate, will affect the tracking 
voltage. ) 

Use of improved insulating materials makes possible 
the reduction of minimum leakage distance and, of 
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This is one case 
where a stroke a hole does not 
mean a handicap. Instead, it means 


fast, uninterrupted drilling. 
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To keep up such a pace in any 

metal, the maker of this power feed 
assembly for a drill press knew he 
had a tough holding job for ball 
bearings ... a problem which he 
turned over to Fafnir. The solution — 


shown here — worked perfectly. 


If your product calls for ball 
bearings you, too, will find it to 
your advantage to call in Fafnir 
specialists because Fafnir’s 


experience is not limited to just 
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one or two industries but is 
industry-wide. The Fafnir Bearing 


BEARINGS SHOWN 7m Company, New Britain, Conn. 
1. Single Row Radial Type, } 

Light Series, capable of 

carrying radial, thrust or combined 

loads in any direction. 


2. Same as above with single 
grease shield added. 
3. Same as No. 1 except the 


size of bore. BALL BEARINGS 


4. Single Row Radial Type, 
Medium Series. Heavier cross-section 


than the Light Series . . . capable Kioh 
of withstanding heavy shock loads. MOST COMPLETE a) LINE IN AMERICA 
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LITTELL 


STYLE "M" AUTOMATIC 


ROLL FEED 


FOR SPEED... With Style “M" auto- 
matic feeding your press can easily pro- 
duce 9,000 stampings an hour at 200 
strokes per minute, or 4,600 stampings an 
hour at 100 strokes per minute. 

FOR VERSATILITY... Style “M" feeds 
left to right, right to left and front to back. 
Feed direction can be reversed by simply 
reversing clutch. Feed lengths per stroke 
are 0 to 4%" with standard gears and 
0 to 8Y4" with compound gears. 

FOR ADAPTABILITY... Style “M" is 
edaptable to any standard punch press, 
it feeds coil stock up to 8” wide and up 
to .055” thick (17 gauge). 

FOR SAFETY... Style “M" automatic 
feeding keeps hands and fingers away 
from danger, prevents costly accidents. 


WRITE FOR CATALOG 
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TANCE 
RODUCTS 


-450” to 25” I.P. 42” to 30” L. 


Used by leading manufac- 
turers to insure coil 
accuracy and stability. 
Hi-Dielectric. Hi-Strength. 
Kraft, Fish Paper, Red 
Rope or any combination 
wound on automatic ma- 
chines. Tolerances + 
.002”. Also moisture- 
resistant Shellac-Bound 
Kraft tubing. Vast range of 
stock arbors. Special tubes 
engineered to your speci- 
fications. 


WRITE 
ON COMPANY 
LETTERHEAD FOR 


STOCK ARBOR 
LIST OF OVER 
1000 SIZES 


FOR DURABILITY ... Style “M" is built 
with hardened and ground feeding rolls 
and the other quality features that have 
made Littell Roll Feeds accurate and dur- 
able since 1918. 


FOR ECONOMY... Style “M" brings 
you @ big saving in price. It gives your 
presses the lowest insurance rate. It cuts 
your cost per stamping by multiplying 
press output. 


District Offices: Detroit, Cleveland 


4117 N. RAVENSWOOD AVE. © CHICAGO 13, ILL. 


course, reduction in weight and size of equipment. Fig. 
5 shows performance of a glass-Teflon laminate as 
compared with a glass-melamine laminate. The impor- 
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Leakage distance, inches 


Fig. 5—Comparison of tracking voltage for two mate- 

rials: Glass-Teflon and glass-melamine laminates. Surface 

moisture: 45 mg per sq in. Surface contaminant: 0.36 
mg per sq in. NaoSQ,. 


tance and desirability of recognizing the minimum per- 
missible leakage distances for each insulating material 
was stressed. 

Other factors (ambient temperature and humidity, 
machined surfaces, electrode configuration) should also 
be considered for their effects, but none modify the 
basic concept that the leakage current and the associ- 
ated tracking voltage be used in establishing the safe 
minimum leakage distances. 

A research project for developing improved ceramic 
dielectrics at the New Jersey Ceramic Research Sta- 
tion, Rutgers University, was reported by Edward J. 
Smoke and John H. Koenig in a paper titled, “Thermal 
Shock Behavior of Ceramic Dielectrics.” Attention was 
called to the fact that there is little background on the 
subject, since manufacturers commonly report on the 
thermal shock resistance of industrial bodies in general 
terms such as excellent, good or poor. An analysis of 
published property data on the industrial bodies shows 
that the thermal shock resistance is not of high order; 
from a starting temperature of 200 F all bodies fail 
between 300 F and 600 F when quenched in water at 
room temperature. 

A study of the correlation between other physical 
properties and thermal shock resistance showed that the 
coefficient of thermal expansion is the most significant 
factor; qualitatively it varies inversely with thermal 
shock resistance. For example, cordierite has the highest 
thermal shock resistance (550 to 600 F) and the lowest 
coefficient of expansion. At the other end of the scale, 
steatite has the poorest thermal shock resistance (300 to 
350 F) and the highest coefficient of expansion. 

Test results on some of the newer developments in 
thermal-shock-resistant bodies were cited. Of the com- 
mercial grades, the best improvement to date has been 
made in cordierite with the thermal shock resistance 
moving up by 50 F to 600-650 F. Fabrication short- 
comings, too, have been overcome, which should increase 
use and availability. Some improvements were reported 
in steatite by substituting barium zirconium silicate 
for barium carbonate in the raw formula, leading to a 
decrease in the coefficient in thermal expansion and an 
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HERE ARE THE FACTS AND FIGURES: 


CONTACTS: 10 amp. standard. 24 volts D.C., 115 
volts A.C 
15 amp. contacts available. 


SENSITIVITY: D.C.: 4 pole 1.5 watts 
2 pole .7 watts 
A.C.: 4 pole 5 volt amperes 
2 pole 2.5 volt amperes 
Can also be furnished in 6 pole AC 
and DC up to 4000 Ohms. 


COIL: To 115 volts D.C., 230 volts A.C. 
NOMINAL HEAT RISE: 4 30°C above room ambient 


A.C. 45°C above room ambient 


MAX. INPUT FOR 85° RISE: — 5 watts 


.C. 11 volt amperes 


MOUNTING: Base or end mounting 
WEIGHT: 4.5 oz. 4 P.D.T. 
WEIGHT HERMETICALLY SEALED: 7.7 oz. 


DIMENSIONS: Open Relay—2- re TY”, 2-1/16” 
Sealed Relay—3%", 12”, 2-5/16” 
Overall Mounting Flange—3e” 
Center to Center Mounting Holes— 
2-11/16” 
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eae relay where quality and 
low cost are factors Besides 5 Sta 
Sy ET a In Operation. tts reliability 
allows a range in applications 
from high quality instruments to 
vending machines. The PKU relay 
will comply with Underwriters 
Laboratories requirements and can 
also. be rere eras hermetically 


sealed. 


Bulletin PK gives complete 
details. Send for your copy 
today. 

Be sure to send for your cOpy Fi 
Allied’s Relay Guide. It gives the 


enginecring data for 27 Allied 
relays in a concise tabular form 


for easy reference, 


ALLIED CONTROL COMPANY, INC. 2 &AstEND AVENUE, NEW YORK 21.N.Y. 
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increase of 50 F in thermal shock resistance, without 
affecting the other desirable properties. 

Other new and improved formulas were investigated 
in celsian and spinel bodies, dielectric materials with 
thermal shock resistance between 300 and 400 F. Two 
new zircon bodies were also studied (resistances 450 
to 550 F and 450 to 500 F, respectively). The latter 
(low in basic raw material) resembles electrical porce- 
lain in its high clay content and its adaptability to con- 
ventional manufacturing methods. Electrical properties 
correspond to grade L-4, and flexural strength is be- 
tween 20,000 and 22,000 psi. This material should fill 
the gap between electrical porcelain with its low 
strength (10,000 psi), poor electrical properties (grade 
L.-3) and commercial steatite with high strength (20,- 
000 psi), excellent electrical properties (grade L-5), 
but very poor thermal shock resistance (300-350 F). 

A very high thermal-shock resistant ceramic dielec- 
tric still in development stage is the lithia type. Speci- 
mens have withstood repeated quenching from 2000 F to 
water at room temperature. Indications point to avail- 
ability of this material in the near future. 

Isidore Bady, Squier Signal Laboratory, discussed 
improved techniques and apparatus for measuring at- 
tenuation of r-f cable at 400 mc, as required in JAN 


Detector 


Fig. 6—Signal Corps setup for measuring attenuation of 

r-f coaxial cables. Attenuator must be of same impedance 

as test cable; it is desirable that connectors should also 
be of same impedance. 
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Connectors 
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““12db-" 
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specifications. Fig. 6 shows the schematic arrangement 
of the setup, which is claimed to eliminate some of the 
drawbacks experienced with previously used apparatus. 
Test procedure is as follows: 

Connectors are joined, and piston-attenuator in sig- 
nal generator set at a convenient value. Detector is 
tuned, the coupling adjusted to approximately optimum 
value, and the output of the vacuum-tube voltmeter 
noted. Test cable, fitted with proper connectors, is now 
inserted between the connectors, and the piston-attenu- 
ator setting increased till the original reading is ob- 
tained on the voltmeter. Attenuation of the test cable 
is readily determined from the two settings of the 
attenuator. Matched connectors are available for all 
50-ohm and most 75-ohm coaxial cables. Twin-conduc- 
tor cable can be measured in exactly the same way if a 
signal generator with a balanced output is available. 

Also discussed by Mr. Bady were improved setups 
for measuring the velocity of propagation of r-f cable 
and the transmission unbalance of twin-conductor and 
dual-coaxial cable. 

In their paper, “Measurement of the Dielectric Con- 
stants of Thin Films,” H. S. Endicott and W. F. Spring- 
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RCA PROJECTOR IS GEARED FOR 
ECONOMY WITH MOLDED DU PONT NYLON 


Nylon plastic gears cost 1/3 to 1/5 as much as former gears... 
WAY give superior performance ... last over 3 times longer! 


“a a example of the right 
material in the right spot.”’ That’s 
what RCA says about these nylon 
gears, used to drive the projector 


Lighter in weight, yet more durable than form- 
er gears, nylon gears are injection-molded 1% 
inches in diameter with 48-pitch teeth. They 
are used in the drive revolving at 1440 r.p.m. 
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intermittent in their RCA ‘400’ 
16-mm. sound film projector. 

To begin with, mass production 
with injection-molded nylon enables 
RCA to make these gears at 1/3 to 
1/5 the previous cost—a substantial 
saving. And nylon’s resilience per- 
mits gear tolerances to be increased. 
Smooth-running nylon absorbs vi- 
bration . . . provides a quieter, more 
efficient gear drive that requires no 
lubrication. With all these outstand- 
ing properties, the nylon gears oper- 
ate over three times longer than former 
gears! 

Nylon plastic may well help you, 
as it has many other companies, to 
improve your product or effect sav- 
ings. Demand for nylon currently 
exceeds supply. However, we sug- 
gest you investigate the versatile 
properties of nylon for future appli- 
cation. Experimental quantities are 


available. For additional informa- 
tion on nylon and other Du Pont 
plastics, write: 


E. I. du Pont de Nemours & Co. (Inc.) 
Polychemicals Dept., Sales Offices: 
350 Fifth Ave., New York 1, N.Y. 

7 S. Dearborn St., Chicago 3, Ill. 

845 E. 60th St., Los Angeles 1, Calif. 
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The LOR-ANN com- 
bustible gas detector is 
used for detecting the 
danger points of over 
one hundred gases. 
Naturally, every com- 
ponent used in its man- 
ufacture was rigidly 
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assure positive, reliable 
performance. To safe- 
guard against explosive 
gases ... to save lives, 
property, and prevent costly shutdowns, the 
LOR-ANN Instrument, had to be trouble-free. 


LOR-ANN engineers found SIGNAL ENGI- 
NEERING Relays: “the finest that can be made, 
adequately insulated to prevent leakage, built 
not for months, but years of continuous, tough 
service” 


That is why LOR-ANN, like hundreds of others, 
use SIGNAL Relays wherever dependable per- 
formance counts. 


Handled by leading engineering distributors. 
Sales Representatives in Principal Cities. 
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gate, General Electric Company, Pittsfield, Mass., dis- 
cussed some of the methods now in use for such 
measurements, their advantages and limitations, and 
indicated some improvements in one method. Thin films 
were defined as varnish, resin,or other solid dielectric 
material not more than a few mils thick. 

Many standard methods use electrodes that include 
rigid guarded plates, foil attached with grease, painted 
Aquadag or silver, metal films deposited by evaporation 
in a vacuum, and mercury or Wood’s metal. All of 
these have disadvantages for thin samples, such as 
inclusion of an air or grease film in series with the 
sample, indefiniteness in the thickness of the sample and 
attack on the sample by the electrode material. 

Such methods are particularly unsuitable for samples 
that are nonuniform in thickness, rough or porous. For 
such tests, a cell with fixed, guarded electrodes is used. 
A dielectric liquid is introduced into the cell and meas- 
ured ; then the film sample is inserted and a second read- 
ing taken. Liquids of different dielectric constants are 
tried until one matches the dielectric constant of the 
film. No measurement of thickness is required and 
there is no series film to cause an error. It is not nec- 
essary actually to match the dielectric constant of the 
sample. The differences noted on insertion of the sam- 
ple can be plotted against the dielectric constant of 
the liquid to find the dielectric constant for zero 
difference. It is necessary to have a liquid whose 
dielectric constant is higher than that of the sample, but 
to avoid high-dielectric-constant liquids, since these 
are likely to have high power factor and also may attack 
the sample. 

The authors discussed other measurement problems 
and solutions and proposed mathematical formulas for 
determination of the dielectric constant values. 

A number of other interesting papers on dielectric 
measurements were presented but the scope in each 
instance was either very special or of too complex nature 
to allow a report here. Typical of these was, “Some 
Results of the Electrical Breakdown of Liquids Using 
Pulse Techniques,” by W. D. Edwards, Dielectrics Sec- 
tion, National Research Council of Canada. The pre- 
liminary object of this research was the investigation of 
a suspected variation of breakdown strength with dura- 
tion of the applied voltage pulse. The liquids chosen as 
test dielectrics, both polar and nonpolar, were of simple 
molecular structure, the majority of them being organic 
liquids. Rectangular voltage pulses of 0.2 to 20 microsec 
in duration and 0 to 10 kv in amplitude were applied. 

During the symposium on Dielectric Properties of 
Matter, the conference started to dig pretty deeply into 
fundamental research—mostly outside the scope of this 
report. The topics included such problems as dielectric 
and molecular behavior of solid glycerides, microwave 
measurements of dielectrics in free space, and micro- 
wave resonance phenomena in magnetite. 

Discussion on Electrets 

In view of the wide interest in electret development, 
(10), mention may be made in some length of the paper 
“An Investigation of the Thermal Conductivity of the 
Electret,” by A. H. Sharbaugh, General Electric Com- 
pany, Research Laboratory, The Knolls, Schenectady, 


N.Y. 
Since increased thermal conductivity on a dielectric 
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In every industrial center across the country there is 
an Ohio Gear distributor, no further away than your 
phone, ready to supply you with Ohio “standardized” 
gears and speed reducers. 


Whether your need is for a spur, helical, bevel, worm 
or worm wheel type gear, or for speed reducers from 
1/6 to 10 HP in ratios from 3 to 1 up to 3000 to 1; 
chances are your Ohio Gear distributor may be able 
to supply you from STOCK. 


The Ohio Gear representative serving you is qualified 
to help you solve your power transmission problems 
thru engineering with “standardized” stock gears and 
speed reducers. This saves you money and time. 


Ohio Gears and Speed Reducers have been engineered 
to perform to your satisfaction. 


ESTABLISHED 1915 


THE OHIO GEAR COMPANY 
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For a sample of Koiled Kord simply 
write for it on your business stationery. 
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offers certain technical advantages, this investigation 
was undertaken in an effort to reproduce some earlier 
findings in Germany that there is an apparent increase 
of as much as 71 per cent in the thermal conductivity of 
electrets made from beeswax compared with nonelectret 
or normal beeswax. The present investigation (repro- 
ducing the original cylindrical-cell experimental condi- 
tions) found no difference between the thermal con- 
ductances of an electret and normal wax within an 
experimental error of +15 per cent; data on the two 
waxes were statistically indistinguishable. Additional 
measurements by the more precise parallel-plate method 
showed that any difference must be less than about 5 
per cent. 

Some sidelights on the manufacturing of electrets 
were contained in this report. The most common waxes 
used for electrets are carnauba wax, which is hard 
with a tendency to brittleness, and beeswax, which is 
relatively soft and with a tendency to be sticky at room 
temperature. The difficulty is the presence of voids and 
cracks. It was found tnat carnauba wax made electrically 
stronger electrets than pure beeswax, but the most 
satisfactory combination of physical properties was 
obtained from a mixture of the two waxes. Tests were 
also made on electrets made from the experimental 
polymer F-1113  (polytrifluoromonochloroethylene). 
This material has a softening point of 210 C and the 
electret was made at this temperature. These electrets 
were said to be very stable and “still going strong” 
after almost a year. (The electrical properties of liquid 
F-1113 were reported in another paper by S. I. 
Reynolds, also General Electric Company.) Highest- 
strength electrets made were 7.5 statcoulombs per sq 
cm. No wax electrets retained such high charge den- 
sities for a long time, decaying seriously in a week or 
two. 

The electrical properties of titanium dioxide semi- 
conductors were reported by R. G. Breckenridge and 
W. R. Hosler, National Bureau of Standards. These 
studies were related to the electrical properties of 
synthetic rutile (titanium dioxide mineral) crystals 
recently placed on the commercial market. Measure- 
ments were made of the resistivity and Hall constant of 
rutile both in the form of ceramics and single crystals 
over a temperature range from —190 © to about 
+500 C. 

Precision-Molding Technique for Specimens 


Arnold H. Scott, also of the National Bureau of 
Standards (and elected Chairman of the Conference 
for 1951) reported on an investigation of the electrical 
properties of pure high-polymer materials, in which 
measurements of dielectric constant and loss factor of 
polyvinylbutyral, polystyrene, methyl methacrylate, and 
a copolymer of the latter two were made over a fre- 
quency range from 60 cps to 1000 mc. Special test 
setups were devised to improve accuracy of these de- 
terminations and to facilitate analysis and correlation 
of data obtained with other factors. A precision-molding 
technique developed at the bureau made possible pro- 
duction of disk specimens of improved uniformity. 

New experiments in transistor electronics were de- 
scribed in a paper, “Behavior of Holes and Electrons 
in Semiconductors,” by William Shockley, Bell Tele- 
phone Laboratories. This was substantially the same as 
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Exact Mechanical 
and Electrical 
Requirements with... 


Elechhic 


SPECIAL APPLICATION MOTOR 
FRACTIONAL HORSEPOWER 





















Compact series motor for — 
such applications as high 
speed grinders, pumps, 
routers and small sanders. 


Universal motor parts 
widely used in small 


Motor with high horsepower Double shaft extension portable electric tools, 
to low weight factor for meter for flap control sewing machines, and 
either direct en small aircraft and hand vacuum cleaners. 


drive or use 
with external 
georreduction. , 


ether dual uniform con- 
trol applications. 


ce More and more design engineers are turning to 
Lamb Electric special application motors to secure 
the exact mechanical and electrical characteristics 
required for optimum product performance. 


Gear unit for reversing 
service with constant 
speed capacitator type 
motor, 


Lamb Electric specially engineered motors often 
make possible— reduced product weight, com- 
pactness, improved appearance and lower cost, 
along with efficient and dependable operation. 


Our engineering department will be glad to work 
with yours in obtaining these results. 





THE LAMB ELECTRIC COMPANY °¢ KENT, OHIO 


High powered light- 
weight helical geared 


fuel transfer pump motor THEY'RE POWERING AMERICA'S nest PRODUCTS 


% for aircraft and other 
services. 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 





FEBRUARY 1951 


DO YOU NEED 


SPECIAL KNOBS? 


Wording To 
Your Special 

Needs Can Be 
Branded On 
The Skirts 
Of Knobs 
Shown... 


Can Also Be 
Supplied With 
Cores to Your 
Specifications 
RB-80 RB-85 
illustrated are two of the many types of special knobs available to you from 
our stock molds. Can be supplied with set screws or sp:cial shaft holes to 
press fit on Ark-Les, G.E. or Hart range switches; also standard “‘D” type 
for gas ranges. Can be branded to your specification. Choice of colors 


Fast delivery, low cost. Write for details and free catalog showing the 
complete line of Rogan knobs available from stock molds. 


2500 W. IRVING PK. BLVD. 
ROGAN BROTHERS CHICAGO 18, ILLINOIS 


Compression Molders and Branders of Plastics 


THEY RE 
A TEAM 


When you need readily removable, em- 

bedded Thermocouples; and, you must 

make frequent changes of thermo- 

couple-pyrometer circuits, use Ther- 

mo Electric's Bayonet Immersion 

Contact Thermocouples and Con- Type 2A07D Iron 
nector Panels. You can be sure of Constantan Bayo- 
obtaining accurate tempera- / net Immersion Con- 


ture readings, quickly. / tact Thermocouple with 
Quick Coupling Connector. 


For complete descriptions 

of our many types of 

‘Thermocouples, Quick 
Type JBW Connector Panel Coupling Connectors, 
with FS Conduit Box for 1, Panels, Lead Wires and 
2, 3, 4 or 5 thermocouple Accessories, Write for 
circuits. Catalog N. 


> 3 
Thermo Electric ‘x ww 
Sse aE ible 


previously published by the author. (11) Although the 
paper is theoretical, the experiments discussed by Mr. 
Shockley in their “verified features” are those which 
are of most importance in practical applications: 
“Applications in transistor electronics require knowl- 
edge of mobilities, drift velocities, diffusion, the magni- 
tude of the charge, and the deflections of magnetic fields. 
These quantities have now been given an operational 
meaning .. . in situations closely resembling those in 
which they will be used for design purposes.” O 0 0 
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Wiring of Panels 


for Motor Controls 
(Continued from page 100) 


nomical for pilot circuit wiring connection. 
Enclosures. Choice of a suitable enclosure for a con- 
trol panel depends on the degree of protection required. 
The metal housing for enclosing control apparatus 
may be part of the industrial equipment, mounted on 
the equipment or separately mounted. Built-in controls 
are those in which the control is housed in a compart- 
nent or space within the base, frame or column of the 
industrial equipment. Usually it is desirable to mount 
all control devices for a machine in a single enclosure 
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IN the battle for lower costs, the machines of 
your suppliers can play a vital part. Good ex- 
amples are the machines illustrated above—these 
four slides automatically produce intricate wire 
forms in an almost endless variety of shapes... 
and they do it more accurately and at a fraction .of 
the cost of previous methods. 

Machines such as these are typical of the many 
modern technological advancements in use at 
Accurate to make better springs at lower cost to 
our customers. And behind the machines are 
skilled springmakers and practical, experienced 


FEBRUARY 1951 


engineers who have slashed spring costs for many 
spring users and who would welcome the oppor- 
tunity to do the same for you. The next time you 
need springs, be sure to find out what Accurate 
can do for you. 


ACCURATE SPRING MFG. CO. 
3817 W. Lake Street 
Chicago 24, Illinois 










WRITE TODAY for your copy of the new 
revised Accurate Handbook of Technical 
Data on Springs. It’s full of short cuts 
for making spring calculations. 
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WOTHING \ 


You can now get twice as many Brady Wire Markers AT 
NO EXTRA COST for marking your small diameter wires. 


Brady QUIK-LABEL Wire Markers come on handy 
dispenser cards. Each card has 33 individual Wire Mark- 
ers on it. Each marker is 1” long for coding larger wires. 
For coding your small diameter wires, we can die cut the 
114” long Wire Markers in half. See illustration. This gives 
you 66 individual Wire Markers (each 

4," long) on the card instead of 33. WE WRITE Fop 
DO THIS DIE CUTTING FOR YOU AT ir 
NO CHARGE. Brady Wire Markers are SAMPLES 
stocked for immediate delivery in over TT 
1000 numbers, letters and symbols, in- USEFUL 
cluding all NEMA colors and codes. = ete 
Specials made to order. 


DISTRIBUTORS IN OVER 125 PRINCIPAL CITIES 


LE 


Trias MFD. BY 


1615 E. SPRING STREET + CHIPPEWA FALLS, WIS. 





CHICAGO 2°1,.TRANSFORMERS 


Designed for simple conversion of domestic radios and electrical 
appliances to the 220 or 230-volt power supplies common in many 
foreign countries. Locking slide switch adjusts to whichever of 
two primary voltages provides best output at local voltage vari- 
ations. Insulated 7-foot cord and plug on input side, standard 
female receptacle on output side. ’’Sealed in Steel’’ construction 
assures lasting efficiency in tropical and other adverse climates, 
incorporates vacuum-impregnated core and coil in compound- 
filled, drawn steel case. Three sizes: 50, 100, and 150 load watts. 


Write for further details and prices 


CHICAGO TRANSFORMER 


Division of Essex Wire Corporation 


3501 ADDISON STREET + CHICAGO 18, ILLINOIS 
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rather than in several separate enclosures. Regardless 
of control panel size or location, sufficient space should 
be alloted within the enclosure for convenient mount- 
ing, installing and servicing as well as for adequate 
ventilation. 


Standards Applying to Enclosures 


Design recommendations for controller enclosures are 
described in detail in the various standards mentioned 
in the preceding article. (1) NEMA lists several 
standard enclosures including nonventilating Type I 
for general purpose, Type IA semidust-tight, Type IV 
water tight and others. Of particular interest to ma- 
chinery builders is the Type XII Automotive End en- 
closure recently added to the NEMA listing and 
called for in paragraph E2.5.4 in the J. I. C. Standards. 
(2) This enclosure is suitable for application to machine 
tools and other industrial processing machines in loca- 
tions where oil or coolant might enter the enclosure 
through holes used for mounting the equipment within 
the enclosure or through unused conduit knockouts. 
Design features include: 

1. Cover is hinged and swings horizontally. 

2. Cover is secured by fasteners requiring tools such 
as a screwdriver or wrench to release. 

3. Door fasteners are arranged to prevent them 
from being lost. 

4. No holes are provided in enclosure for mounting 
enclosure, panel and for conduit knockouts or openings. 
5. External feet are used for mounting enclosure. 

Door-Mounted Equipment. In many control applica- 
tions substantial economies can be obtained by mounting 
assessories and instruments in the door of the enclosure. 
This construction, Fig. 4, eliminates the need for a 
separate master control station thereby conserving 
space. It also reduces installation costs because indi- 
vidual mounting of accessories on or near the machine 
is unnecessary. The decision to use local control, how- 
ever, should be governed entirely by specific application 
conditions. 

When laying out enclosure door panels, all acces- 
sories and instruments should be logically arranged for 
the most convenient operation. The height at which 
the controller will be mounted above the floor must 
be considered; meters and other instruments should be 
mounted at eye level, preferably in a row above push- 
buttons, selector switches and indicating lamps. Suf- 
ficient clearances should be allowed between door- 
mounted and main panel devices. No incoming wiring 
connections should be made to door mounted devices. 
Wires from the enclosure door to panel terminal blocks 
should be extra flexible and neatly cabled so that the 
door can be opened easily and without placing excessive 
strain on the wire terminal connections. Insulated sleev- 
ing or tubing is sometimes used to bunch and protect 
extra flexible wires. Wire clamps or cleats should be 
placed at strategic locations along the wires to hold 
them firmly and prevent interference with panel devices. 

Master Control Stations. When it becomes imprac- 
tical to mount pilot devices directly in the enclosure 
door because of the multiplicity of devices, location of 
the controller or for other reasons, master control sta- 
tions or operator control panels, Fig. 5, can be substi- 
tuted. For those applications involving just pushbuttons, 
selector switches or indicating lamps, standard types of 
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low-loss Steatite insulation 


smooth, 


You can specify LOUTHAN Steatite products 
with complete confidence in the high quality 
and dimensional accuracy of the parts. Made 
to exacting standards, Louthan Steatite insu- 
lations have the mechanical and electrical 
characteristics needed for electronics applica- 
tions and other electrical service. They are 
formed to your specifications within established 


THE 


strong, dense, uniform, non-absorbent 


close tolerances. Surfaces are smooth, hard, 
clean and non-absorbent. They have excep- 
tionally high mechanical strength. 

Among the parts for which Louthan Steatite 
is exceptionally well suited are: small, intricate 
shapes such as terminal insulators, grommets, 
bushings; and for extruded shapes such as are 
used for resistor cores (round, oval and fluted). 

Write for Catalog 49-E, describing Louthan 
Insulations. 


A Subsidiary of Harbison- Walker Refractories Company 


LOUTHAN MANUFACTURING COMPANY 


EAST LIVERPOOL, OHIO 


Exclusive Representatives: H. B. Zeiger, 369 Lexington Ave., New York 17, N. Y. 
Glenn Garner Company, 1829 Civic Opera Bidg., Chicago 6, Ill. 
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> FLOOR AIR CIRCULATORS 
@ BUSINESS MACHINES 
Fe he AIR CONDITIONERS 
“FANS AND BLOWERS 

Se AIR CIRCULATORS 
» X-RAY APPARATUS 
@ WIRE RECORDERS 
RS @ PROJECTORS 
Se FLOOR HEATERS 
S @ UNIT COOLERS 
VENTILATING FANS 
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4eINS@ TV TEST INSTRUMENTS 


Shaded Pole Motors 
perform best when they’re 


Built to,0 


Save the cost and bother of experimenting 
with ready-made motors, hoping for the results 
you want. 

Start out with the right motor, precision- 
engineered to your exact specifications by The 
Loyd Scruggs Co. 

Tell us your needs. We’ll add our experience 
and craftsmanship to yours, to develop better 
products at less cost. 

Inquire about the top-quality Loyd Scruggs 
motor, featuring the new 4-point cast bearing 
bracket for absolute uniform air gap of minimum 
clearance, maximum power and 
minimum heat. 












WE'LL SEND YOU 


a sample moter 
on a memo invoice 


YOU TELL US 


your specific 






h it to your 
attac a 





: a 
Fill-in the informer vith : 
y's letterhead to The Loyd 







We ore interested in 4-Pole Shaded Pole motors (120V A.C. 
60 cycle, Approximately 1700 RPM) that meet the following 
requirements: 


APPLICATION: ___ 
TORQUE: Starting 
ROTATION: [ | Clockwise; [_] Counterclockwise. 

STYLE: [| Skeleton; [ | Encased, ventilated; [_] Encased, closed. 
BEARINGS: [ | Sleeve; [_] Ball. 

SHAFT EXTENSIONS: Front. 


____; Running 


; Back ao 


EE COMPANY 


INSTRUMENTS 
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stations for surface or flush mounting are offered by 
several manufacturers. However, specially designed 
operator control panels are required when instruments, 
field rheostats and accessories must be combined in a 
single assembly. The same general layout procedure 
should be followed as for mounting components on 
enclosure doors. Enclosures for operator-control panels 
should be equipped with hinged covers having provision 
for padlocks. Terminal blocks should also be provided 
for incoming wires. 

Diagrams and Identification, It is standard practice 
to furnish a controller wiring diagram and schematic 
diagram with the control equipment for installation 
and maintenance purposes. Besides circuit diagrams, 
a description of operation is often included. Additional 
information such as adjustment instructions may also 
be necessary where devices must be adjusted during 
initial installation. Diagrams and similar information 
should be attached to the inside of the enclosure door 
or cover by adhesives or placed in a permanent data 
pocket or clip. When arranging door-mounted acces- 
sories sufficient room should be provided for attaching 
diagrams and other instructions. 

Identification plates or nameplates should be perma- 
nently attached to the front of the controller enclosure. 
These marking plates should include the following 
essential information: name of manufacturer; type of 
controller, such as ‘Magnetic starter for type 11 grind- 
ing machine”; catalog number or other manufacturing 
identification and serial number ; horsepower, voltage, 
current rating, number of phases, frequency. OO G 
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The Practicability of 
Powder Metallurgy 


(Continued from page 89) 





are easily met. On some materials tolerances of + 0.001 
in. are fully practical. Tolerances as low as + 0.0005 
in. can be met by sizing (re-pressing after sintering) 
but this is an additional operation and such close tol- 
erances should not be sought unless necessary. 

Tolerances are related to die life, which is terminated 
when the limits of size are exceeded. With tool steel 
dies, 200,000 to 300,000 ‘steel parts can generally be 
produced depending upon the density. On high density 
parts or with abrasive powders, die life may only be 
50,000 pcs. Usually, the die can be repaired or built 
up to save scrapping. Carbide faced dies produce mil- 
lions of parts before wearing off size. 

So many things have been accomplished with powder 
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4 TRUARC RINGS CUT ASSEMBLY TIME 40% 





CUT UNIT COST 25% 
PROLONG PRODUCT LIFE 9 YEARS 


Nottiss 


OLD WAY 


A typical air or hydraulic sealing prob- 
lem: Inadequate or excessive pressure 
of threaded gland nut on seal caused 
distortion. Result: binding of piston 
rod, troublesome leaks, constant main- 
tenance, shortened product life. 


4 UNM 
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Using 4 Waldes Truarc Retaining Rings in their Check-N- 
Spect Air Power Units (for tire inspection and repair) saves 
Bowes Seal Fast Corp., Indianapolis, 40% in assembly 
time, 25% in cost. With Waldes Truarc Rings, assembly 
is simple...maintenance unnecessary. New design in- 
creases unit life from 1 to 10 years! 

Redesign with Truarc Rings and you too will cut costs. 
Wherever you use machined shoulders, bolts, snap rings, 
cotter pins, there's a Waldes Truarc Retaining Ring de- 
signed to do a better job of holding parts together. 

Truarc Rings are precision-engineered ...quick and easy 
to assemble and disassemble. Always circular to give a 
never-failing grip. They can be used over and over again. 

Find out what Truarc Rings can do for you. Send your 
blueprints to Waldes Truarc engineers for individual at- 
tention, without obligation. 


Waldes Truarc Retaining Rings are available for immediate delivery from 
stock, from leading ball bearing distributors throughout the country. 


SEND FOR NEW CATALOG 





WALDES 


y TRUARE 


REG. U. S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS ARE PROTECTED BY THE FOLLOWING PATENT NUMBERS? 


U. S. PATENTS 2,362,948; 2,420,921; 2,411,761; 2,487,803; 2,487,802; 2,493,306 AND OTHER PATENTS PENDING 
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NEW WAY 


Waldes Truare Internal Retaining Ring 
(Series 5000) is held in correct posi- 
tion by pre-determined groove. Proper 
pressure on seal is insured for life of 
unit, increasing number of cycles from 


10,000 to 100,000! 


REDESIGN WITH 4 WALDES TRUARC RETAINING 
RINGS BRINGS THESE BIG SAVINGS... 


@ Eliminates skilled-labor milling and 
threading operations 


®@ Eliminates maintenance 


@ Gives greater accuracy in positioning seal . 


® Saves 40% in assembly time . 


© Cost of old-type parts 
@ Less Cost of four Waldes Truarc Rings. . 


@ Net savings on parts 


TOTAL UNIT SAVING... $.25 
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I Waldes Kohinoor, Inc., 47-16 Austel Place EM023 i 

. Long Island City 1, N. Y. i 

I 

\\ 1 Please send selector guide catalog (4k-w) i 
\y on Waldes Truarc Retaining Rings. i 
eee I I 
: I Name eae aininienh tana - | 
* Title 
I Company se 1 

I 1 

| Business Address 1 

' i 

l ee State * i 
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Hold the Line... 








































... For Dudley Electronic Controls 


Precision expanding of heat transfer tubes is the 
important specialty task performed by the Dudley 
Electronic Control pictured here. 


Because electronic timing of its expanding operation 
is vital and must never be interrupted by any chance 
disconnection of the current carrying line to the port- 
able power tool, Franklin Manufacturing Company of 
Philadelphia has specified the matchless grip of 
Multi-pole R & S Ever-Lok* Plugs and Receptacles as 
standard equipment on its controls during the past 
four years. 


There are plenty of good reasons why. Ever-Lok al- 
ways provides the happy ending to wire connection 
problems for many industrial equipment manufac- 
turers. Whenever the Ever-Lok Plug is inserted into 
the Ever-Lok Receptacle ... it automatically locks 
with a clicking snap of its powerful bayonet type lock 
-.. to make a permanent connection that nothing can 
pull apart. Yet, it takes only a jiffy to quickly separate 
the two units by hand with an easy twist of the wrist. 
It’s that simple. 


Ever-Lok Plugs, Receptacles and Cord Connectors are 
available in varied 
types and combina- 
tions from 10 to 
200 amperes. We 
will be glad to for- 
ward bulletins to 
suit your specific 
requirements. 





























*Trade-Mark 




















RUSSELL & STOLL COMPANY, INC. 
1 125 BARCLAY STREET, NEW YORK 7,.N. Y 









metallurgy that statements of what cannot be done 
with it are being disproved every day. Specific ap- 
praisal of the adaptability of a given part to powder 
metal processing is offered by manufacturers of metal 
powders, powder metal presses and sintering equip- 
ment, and custom manufacturers of powder metal parts. 
Often a slight change in design, without altering speci- 
fications, will adapt a part to the powder metal process 
and offer a compromise between a design which is not 
adaptable to powder metal or too costly to produce 
by other methods. O00 





Fuses vs Circuit Breakers 


(Continued from page 109) 





in a given application, and unless the test is performed 
with currents of the anticipated magnitude the results 
are usually of little or no value. One notable exception 
to this would appear to be where the test current was 
not the anticipated value, but the most dangerous one 
ii it should occur; obviously such a case would involve 
the weighing of the effects of probable short circuit 
currents and currents of possible but unlikely magni- 
tudes. These are not the problems confronting the de- 
sign engineer in the application of fuses or circuit 
breakers to ordinary electrical apparatus. 

Along the same line of thought as fuses versus circuit 
breakers is the subject of magnetic breakers versus 
thermal breakers (or versus thermal-magnetic). The 
straight magnetic breaker is sometimes advocated by 
its makers because it is faster than the thermal or 
thermal-magnetic breaker. Perhaps it, is. Under certain 
conditions it undoubtedly is. And under certain condi- 
tions this difference in speed—even though slight—may 
actually be an advantage. But for ordinary purposes to 
attach any great importance to this difference in speed 
is to completely ignore the history of circuit breaker 
development. 

The magnetic breaker came first. Over an important 
part of its operating range, its speed of operation was 
too fast even when slowed down with a dashpot. The 
result was that thermal and thermal-magnetic breakers 
were developed to provide a better balance in overall 
performance. 

The magnetic breaker still has its place. It is well 
suited to protect a system where a sudden current rise, 
even though small, probably indicates a fault on the line. 
It is poorly suited to protect a small power circuit 
where a surge of 6 to 10 times normal current is a 
regular operating condition. 

The important thing to remember is that a circuit 
protective element, whether it be a magnetic breaker, 
a thermal breaker, or a fuse, has a job to perform and 
performs it. All three of these devices are recommended 
by leading electrical equipment manufacturers, utilities, 
and experienced electrical engineers. Fuses and circuit 
breakers are tested and labeled by the Underwriters’ 
Laboratories, Inc. Although the plug fuse may be a 
little faster than the corresponding type of breaker 
(under certain conditions of test) the breaker is ac- 
cepted by housing authorities, utilities, inspectors and 
engineers, sometimes in preference to fuses, sometimes 
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When you think 
of Electric Heat, 


think of 






Honestly now . . . what qualities are most 
important to you in selecting electrical resist- 
ance elements for your cooking and heating 
appliances? Performance of course. Long life, 
dependable performance. Good material of 
uniform resistance that will build and maintain 
the good reputation of your finished products. 
And, too, if you make your own heating units, 
the workability of the wire itself is a mighty 
important factor. It should be free of slivers, 
nice to handle . . . uniformly annealed, and 
tempered to suit your particular production 
operations. You'll want it to stretch evenly in 
coiled form. And you probably want a bright, 
shiny wire. A wire that’s smooth and round 
from end to end. Carefully spooled wire that’s 
properly packaged and labelled to avoid mis- 





takes in handling. Then there’s delivery and 
service to be considered. These are important 
... very important. Because, regardless of what you 
make, prompt, dependable supply of materials 
and helpful qualified field service are two key 
prerequisites to smoothly flowing production. 


Over the past 42 years, we at Hoskins have had 
lots of experience in supplying a// the things 
you need and want in heating element wire. 
More so than any other manufacturer in the 
industry. And we sincerely believe you'll find no 
greater all-around satisfaction than that which 
comes from specifying . .. HOSKINS CHRO- 
MEL Resistance Alloy. Your nearest Hoskins 
representative can back this belief with good 
technical facts ... why not get in touch with 
him today? 


Our Catalog M-1 contains useful technical information and helpful application data... want a copy? 











4445 LAWTON AVE. 


NEW YORK * 
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CLEVELAND 8 


West Coast Representatives in Seattle, San Francisco, Los Angeles 
In Canada: Walker Metal Products, Ltd., Walkerville, Ontario 


HOSKINS MANUFACTURING COMPANY 


* DETROIT 8, MICHIGAN 


CHICAGO 


thickel-chromium resistance alloy that first made electrical heating practical 
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UNIFORM QUALITY 


PORCELAIN 


INSULATORS 


The quality of any insulator is the sum of its desired 
characteristics. Universal Porcelain Insulators have a 
uniform body density. They are held to close dimension 
tolerances. They have high dielectric and physical 
strength. They withstand temperature extremes, mois- 
ture, fumes, acids and corrosion. The sum of these 
characteristics repeated in piece after piece adds 
up to the Uniform Quality for which Universal Insu- 
lators are so widely known and used. A Universal 
insulator engineer will be glad to work with you. 


me UNIVERSAL 


1540 East First Street 





CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


TIT AARNE NY 


Textiles - Printing - Paper-Making - 
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r Winding Problems Forever 


The revolutionary new Twin 
Disc HyDRO-WYND combines 
a hydraulic coupling with a 
planetary gearset to compen- 
sate for axle speed variations in 
winding operations. This unit 
maintains a predetermined lin- 
eal speed and tension, constantly 
and automatically, throughout 
the entire winding cycle with no 
manual or other adjustments. 
All jerkiness is eliminated in 
the winding cycle. The HyDRo- 
WYND permits the prime mover 
to accelerate to the right 


Clutches & Hydraulic Drives 


amount of working torque. 
As axle torque requirements 
vary, the planetary gearset and 
the hydraulic coupling react 
against each other to produce 
an Output torque which matches 
predetermined requirements 
for constant tension and con- 
stant lineal speed. 

Available for a wide variety 
of tension and speed require- 
ments On all types of jobs up to 
7.5 hp. Write today for com- 
plete details—and solve your 
winding problems forever. 
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TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - HYDRAULIC DIVISION, Rockford, illinois 


CRAMCHES, CLEVELAND «© DALLAS + DETROIT + LOS ANGELES « MEWARE + MEW ORLEANS - SEATTLE + TULSA 
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to the exclusion of fuses. The choice is made after con- 
sidering all the factors, not just the speed of opening 
at one value of current. 

The speed of a fuse or circuit breaker under speci- 
fied conditions is only one of several features which 
determine its suitability to a particular application. In 
some cases, as already shown, the speed can be of dis- 
tinct advantage. Then again, there are cases where it 
may be a disadvantage. (Note the development of 
numerous types of time-lag fuses.) And in many, many 
cases, it is only necessary that the speed of operation 
be “adequate” and anything faster is of no consequence. 

It is important that real operating advantages and 
conveniences are not sacrificed on behalf of some hypo- 
thetical advantage which may never be met in practice. 
Fuses and breakers are both good devices. They com- 
pete with one another on the basis of first cost, upkeep, 
convenience, appearance, and performance. Sometimes 
safety and speed of operation are important elements of 
performance, but only sometimes. 0 
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Electric Speed Drives 
with Speed Control—III 


(Continued from page 97) 





it the linear speed of the material is constant, it is 
easy to see that the horsepower required to drive the 
windup is constant. 

Metal working machines such as lathes and boring 
mills also require constant horsepower on the main 
drive. On these machines it is desirable to maintain an 
optimum cutting speed for particular types ot stock 
regardless of the distance between the center of rota- 
tion and the cutting surface. If small diameter stock is 
to be cut the rotational speed must be high to result in 
a given surface speed for cutting. At the same time the 
torque is relatively low because the distance from the 
center of rotation to the cutting surface is small, On 
the other hand, large diameter stocks must turn more 
slowly for the same surface speed and require a higher 
motor torque. 

There are numerous cases, such as on paper machines 
and calendering machines where the stock usually pro- 
cessed at low speeds is tougher than the stock usually 
processed at high speed. With this type of load it is 
apparent that the motor torque required at low speed 
will be greater than the motor torque required at high 
speed. This characteristc also helps determine the ratings 
of motor for machine tools because the toughness of 
various types of stocks must be considered in addition 
to the constant horsepower characteristic required for 
a given type of stock. 

D-c motors with field control are best suited to 
loads of this type because such motors inherently pro- 
vide constant horsepower over the speed range obtained 
by field control. Figs. 25 and 26 show a constant-horse- 
power characteristic over a 4-to-1 speed range. Some- 
times it is desirable to obtain constant horsepower over 
a wider range than can be obtained by adjustment of 
the motor field alone. In these cases, additional speed 
range must be obtained by armature voltage control 
as well as motor field control. When this is done, how- 
ever, the motor and the generator must be larger in 
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CONSIDER 
YOUR COIL NEEDS 


CONSIDER 
YOUR COIL 
PERFORMANCE 






CONSIDER 
YOUR COIL COSTS 


ALL THINGS CONSIDERED 
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You'll do well 
to call Dano. De- 
velopment and 
production engi- 
neers with an 
eye toward qual- 
ity choose Dano 
coils not only 
for their trouble-free performance but because 
Dano makes every coil to their most exact 
specifications. From simple electrical winding 
to specially treated coils deeply impregnated 
with wax or varnish and cured in heat con- 
trolled ovens, Dano is fully set up to serve you. 
Your exact coil made to perform perfectly and 
sold to you at favorable prices is Dano’s policy. 
Consider this the next time you need coils. 





Form Wound 
Paper Section 
Acetate Bobbin 
Molded Coils 


e Bakelite Bobbin 
e Cotton Interweave 


e Coils for High Tem- 
perature Applications 


Send us your samples or specifications 
with quantity requirements for our 
recommendations. No obligation! 


ALSO, TRANSFORMERS MADE TO ORDER 






THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 





horsepower rating than they would be if all of the 
speed range could be obtained by motor field control. 
If constant horsepower is required over an 8-to-1 speed 
range, for example, and if the motor field range avail- 
able is only 4-to-1, then a 2-to-1 ratio must be obtained 
by armature voltage control. But the speed range 
obtained by armature voltage control is at constant 
torque. Fig. 26 shows that the horsepower available 
at one-half speed at constant torque is only one-half 
of maximum. Therefore, in this example the motor 
horsepower required will be twice as great as if all 
the speed range were obtained by motor field control. 

In many cases, a combination of constant horsepower 
and constant torque are required. Consider the center 
driven winder mentioned earlier. It is often desirable 
to change the surface speed of the material. The horse- 
power required for any surface speed is constant 
throughout the buildup of the roll. But the horsepower 
required is directly proportional to surface speed. Thus 


a constant torque drive is required to adjust the sur- * 


face speed. A d-c motor with armature voltage control 
will provide the necessary speed range by armature 
voltage control while field control of the same motor 
will provide the constant horsepower characteristic 
needed for the roll buildup. O00 


A Correction— 


In Part II of this article appearing in the January 
issue, cuts for Fig. 17 on page 100 and Fig. 20 on 
page 198 were interchanged. In the editorial reprint 
being prepared for this complete article, these curves 
will be shown in correct order.—Editor 
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Fractional hp 
MOTORS 


concentrated 





power 


“Count on Raytheon to run it.” 
That’s what design engineers are 
saying. They’re the men who ap- 
preciate the Creative Craftsman- 
ship that goes into Raytheon frac- 
tional hp motors. Concentrated 
power in a small package—depend- 
able performance at the shaft— 
those are the Key words in Ray- 
theon design and engineering. 
When you want to run things, 
FANS, BLOWERS, HEATING 
EQUIPMENT, appliances or what 
have you—count on Raytheon 
motors to do the job. Call on 
your Raytheon motor representa- 
tive for consultation on your 
specific application. 


RAYTHEON TYPE 350 
SHADED 2-POLE, 3000 rpm 
MOTOR. 


RAYTHEON TYPE 330-5 
4-POLE, 1/10 to 1/50 hp, 
1550 rpm MOTOR. 


RAYTHEON TYPE 470 
SHADED 6-POLE, 1050 rpm 
INDUCTION MOTOR. 


Type 230 Shaded 2-Pole Motor. For continuous duty without fan cooling. 1/200 
to 1/50 hp at 3200 rpm. Flat Speed Torque Curve and High Starting and Pull 
Up Torque are characteristic of all Type 230 Raytheon motors. Efficiency is almost 
double the value ordinarily obtained in shaded two-pole motors of this type. 

Write for Data Bulletin 1000. 


RUSSELL ELECTRIC 
MOTOR DIVISION OF RAYTHEON 


4501 So. Western Boulevard DEPT. B-21 


FEBRUARY 1951 


COMPANY 


MANUFACTURING CO. 
Chicago 9, lliinois 
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THERE'S A 


RANDALL 


PILLOW 


BLOCK 
FOR EVERY TYPE 


APPLICATION 









Normal Duty Pillow Block — A 
general service pillow block for 
normal duty on small shafts and 
for heavier duty on larger shaft 
sizes. Double-lubricated with 
graphited, phosphor bronze bush- 
ing in wool packed oil reservoir 
housing. For shafts 1144” to 
3 15/16” inclusive. 


Flange or Side Mount Pillow 
Block—A top quality pillow block 
built for the most exacting service. 
Double-lubricated with graphited 
phosphor bronze bushing in wool 
packed oil reservoir housing. This 
pillow block is widely used in 
unit heaters, cabinet type air 
conditioning units. Side mounting 
only. For shafts 14” to 1 15/16” 
inclusive. 













Sintered Bushing Series — Sin- 
tered bronze bushings in stream- 
line one-piece steel housing. 
Wool packed oil reservoir. 
Mounts in any position. Excel- 
lent for general service on the 
smaller shafts for which they 
are available, 52”, 34”, 15/16” 
and 1” 


Write for catalog No. 49.—For additional informa- 
tion on these as well as other one piece or two piece 
pillow blocks available for light, normal or heavy 
duty. There's a Randall Pillow Block for every 


type application. 









PILLOW BLOCKS 
BUSHINGS 
BAR STOCK 








1000 S. GREENLAWN AVENUE LIMA, OHIO 





GRAPHITED BEARINGS 
THRUST WASHERS 

BABBITTS 
SAFETY COLLARS 


May 1948, page 76. Relationship between speed and torque 
determines best type of drive to use. 

And many other articles in earlier issues. In 1947, see April, 

page 108; August, page 76; and September, page 82. In 1946, 

— page 110; November, page 112; December, page 





Design Trends 
and Transients 


(Continued from page 122) 





inertia of the rotor. 

6. Motor has no starting torque, requiring some 
auxiliary starting device and runs equally well in either 
direction. oa0g 
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Gear Data Recorder Uses Synchros 


Two chart speeds are provided selectively 
without a speed-changing gear box. 


To chart readings of contour, spacing or other data on 
finished gear teeth, two remote-positioning circuits are 
used in the two-speed portable recording unit, devel- 
oped by Michigan Tool Co., Detroit. One remote- 
positioning circuit in the system detects errors and 
drives a recording pen; the other is used to synchronize 
chart speed with movement of the gear checker. 

For the first circuit, a standard Federal Products 
electronic gage head is used as a sensing element to 
detect linear displacement. Signals from the gage head 
are relayed through an amplifier to an Esterline-Angus 
pen mechanism. Second circuit uses three synchros; 
one is a transmitter located in the checking machine 
and actuated by the gear checker movement. The other 
two synchros, repeaters, are located in the recorder and 
provide a selective two-speed drive for the record chart. 
Both are connected electrically to the transmitter unit 
in such a manner that one actuates the chart feed while 
the other, geared to the first, acts as a damper to pre- 
vent hunting. 

Two chart speeds thus are obtained in a simple man- 
ner without a speed-shifting gear box. When the re- 
corder chart is switched from low to high speed, or 
vice versa, the functions of the two repeater synchros 
are interchanged—one unit actuating the chart drive 
and the other acting as a damper. Actually the speed 
of all three synchros are identical, the two chart speeds 
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Close-up of tie plate and felt pad. The facilities 
of Grand Central Terminal are shared by The New 
York Central and the New York, New Haven & 
Hartford, two of America’s great railroads, serving 
our five plants. 


a Passengers who use the famous Grand Central 
Terminal in New York City never know that they are 
riding on felt, but such is the case. Felt pads are in- 
stalled under the tie plates that hold the rails to the ties. 
Felt is used here to lessen the transmission of vibration 
to the structure of the Terminal, which has tracks on 
two levels, one above the other. In this application, felt 
probably meets its most severe test in vibration control. 
Another function of the felt is to reduce noise. Felt by 
American serves perfectly here, and lasts amazingly 
long, even under loads running as high as 25,000 pounds 
on each electric locomotive driving wheel. Replace- 
ments have been due chiefly to changes in rails and 
in tie plate design — the felt in some cases actually lasts 
as long as the steel rails!... If you have a problem in 
vibration control, get in touch with American Felt or 
any of its Sales Offices. 
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GENERAL OFFICES: 16 GLENVILLE RD., 
GLENVILLE, CONN.—ENGINEERING AND RE- 
SEARCH LABORATORIES: GLENVILLE, CONN. 
—PLANTS: Glenville, Conn.; Franklin, Mass.; 
Newburgh, N. Y.; Detroit, Mich.; Westerly, R. |. 
—SALES OFFICES: New York, Boston, Chicago, 
Detroit, Cleveland, Rochester, Philadelphia, 
St. Louis, Atlanta, Dallas, San Francisco, Los 
Angeles, Portland, Seattle, Montreal. 








SAVE TIME 
re 1), | 


Transformerized machines and equipment add 
production line flexibility to motorized equip- 
ment. Machines can then be shifted, realigned, 
respaced to keep production flowing quickly on 
redesigns—new models. Hours and often days of 
electrical work can be eliminated — saves time, 
saves money. 





AIR COOLED 
TRANSFORMERS 


Can be mounted at most 
convenient place, on wall, 
ceiling or machine. No oil 
needed, no inspection nor 
maintenance. Available in 
sizes from 1/10 KVA to 
75 KVA, primary volt- 
ages up to 600 volts, 14% 
KVA to 25 KVA with 
2300 volt primary. 


STEPDOWN TRANSFORMERS 


Complete — ready for in- 
stallation and connection. 
Supplied with eight foot 
heavy duty rubber cord 
and plug for primary con- 
nection. Output plug is an 
integral part of transform- 
er. Available in sizes from 
75 to 1000 watts. 200/240 
primary, 115 volt, 50/60 
cycle secondary. 





ACME ELECTRIC CORPORATION 
352 Water Street Cuba, N. Y., U.S.A. 


Acme Electric manufactures Luminous Tube Transformers—Fiuorescent 
Lamp Ballasts—Cold Cathode Lighting Transformers and Ballasts—Radio 
and Television Transformers—Electronic fransformers—Door Bell, Chime 
and Signalling Transformers—Safety Transformers—Voltage Regulating 
Transformers—Stepdown Transformers—Control fransformers—Warp- 
stop Transformers—Air Cooled Power Transformers. 
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being obtained through constant-mesh gearing to pro- 
vide 0.400 in. of paper travel per revolution for fast 
speed and 0.200 in. for slow speed. This range is ade- 


Gage head and synchro transmitter in gear checking ma- 

chine feed signals to the recorder pen and chart drive 

respectively in this recorder for charting gear character- 

istics. Will record variations from 0.0001 to + 0.002 in. 
at either of two chart speeds. 


quate to cover any gear checking requirements. 
Accuracy of the system is such that dimensional vari- 
ations ranging from 0.0001 to + 0.002 in. (normal tol- 
erance range in gear production) can be recorded. To 
enable the use of one recorder with a variety of ma- 
chines measuring different gear characteristics, provi- 
sion is made for plugging it into any machine. Recorder 
case was designed with family resemblance to the line of 
gear checking equipment. Large removable panel pro- 
vides easy accessibility for servicing and interior 1s 
painted white to give good visibility. ooo 


Molding Glass-Reinforced Plastics 


Some practical aids for compression molding 
of the glass-fiber polyester materials in par- 
ticular. 

CLARE E. BACON 


Manager, Plastics Development Laboratories 
Owens-Corning Fiberglas Corp. 


Ability to compression-mold glass-reinforced plastics 
has brought us new high-strength materials which can 
be used in applications heretofore held impractical for 
other molding materials. 

Why reinforced plastics? Glass fibers in themselves 
have been known to have tensile strengths in excess 0! 
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General Plate Truflex 
Thermostat Metals can cut 
your costs and give you re- 
liable automatic tempera- 
ture control on practically any product. 


They hold the line against rising costs, by 
giving you the exact performance requirements 
desired. Advanced General Plate production 
methods insure positive consistency in toler- 
ances, grain structure, expansion, hardness, etc. 
This insures maximum uniformity of materials 
which reduces costly rejects and guarantees 
highest quality performance. 

Truflex Thermostat metals are available in a 
complete line of combinations to meet all ap- 
plications in temperature range, electrical 
resistance, size, shape and cost. They can be 


2 Thermostat 











Constant 


Temperature Control 


had in raw stock in sheets, strip and coils from 
.020" to 8” widths ... or as completely fabri- 
cated parts ready for assembly into your 
products. Each and every part is identical in 
tolerances, expansion, hardness, etc. 


It will pay you to investigate General Plate 
Truflex Metals for your thermostat require- 
ments. Write for information or engineering 
assistance. 


Other General Plate Products include —Pre- 
cious to base metal laminations... Base metal 
laminations... Alcuplate (copper and alumi- 
num)...silver solders... Laminated contacts, 
buttons, rivets... Platinum-fabrication-refining 
... Age-hardening Manganese Alloy 720. 


GENERAL PLATE 


Division of Metals & Controls Corporation 


402 FOREST STREET, ATTLEBORO, MASS. 


$0 Church St., New York, N.Y. * 4326 N. Elston Ave., Chicago, 
Ill. ¢ 757 W. Third St., Mansfield, Ohio « Detroit, Mich. 
¢ Los Angeles, Calif. 
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Mamata SYNCHROS 


FCM CAI et 


Ng tha | 


e Proved Precision 
Accuracy 

e Meet Government 
Specifications 

e Corrosion Resistance 

e Fungus Resistance 

e Available in wide 


selection of 


WRITE FOR NEW . 
sizes 


TELESYN BROCHURE 


OME) ey) tae ele -lla- ily 
CBE G little tall 
Long Island City 1, N.Y 


(~~ HEINZE 


UB-FRACTIONAL HORSE POWER MOTORS 
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Heinze Blowers 


For large photo darkrooms, laboratories, refrigeration units, air 
conditioning equipment, furnace draft boosters and similar equip- 
ment. 


For cooling electronic tubes in transmitters, induction heaters and 
diathermy equipment. 


For advertising displays and many other uses. 
Battery-operated for cars, trucks, boats and other portable in- 


stallations. 
VARIOUS MOUNTING DEVICES 
The Heinze catalog describes all types in detail. 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 
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wire. Proper utilization of these fibers as a reinforce- 
ment for plastics produces properties unequaled by any 
other material on a weight basis (Fig. 1). The align- 
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Mat molding Cloth laminate Rod stock 24ST 1020 
25%. glass 45*%glassby 55%glass aluminum structural 
by volume volume by volume steel 








Fig. 1 


num and steel: Specific tensile strength, shows superior 


Glass-reinforced plastics compared with alumi- 


strength-to-weight value. 


ment as well as the volume percentage of the fibers 
have a direct effect on the tensile strength. Maximum 
strength is obtained in the rod stock where all the 
fibers are parallel and packed to maximum density— 
approximately 55 per cent by volume. 
Glass-reinforced plastics have very high impact re- 
sistance since glass fibers possess perfect elasticity ; they 
show complete recovery and will stretch 3 per cent 
hefore failing. In glass, the yield point and ultimate 
strength are one and the same. The physical properties 





Die-cast aluminum brakets replace traditional 
cast iron in a new Westinghouse dripproof laundry 
motor. Added ventilating holes, possible with die 
casting, increase cooling and allow a 50-per cent 
increase in motor rating. Weight is reduced two- 
thirds, saving over 3¢ per motor in shipping charges 


alone. 
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300,000 psi. This strength is far in excess of even piano 
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More? 


CLEVELITE* and COSMALITE* 
LAMINATED PHENOLIC TUBING 


meets the most exacting specifications. 












Ideal for precision requirements of the 
finest manufacture, at low cost, quan- 
tity prices. 





.»»»COSMALITE.. | 
There is A GRADE FOR EVERY NEED 





CLEVELITE COSMALITE 

Grade E ...... Improved post cure fabrication and stapling. Grade SP ..... Post cure fabrication and stapling. 

Grade EX ..... Special grade for TV deflection yoke sleeve. Grege'SS: ..... General purpose. 

Grade EE ..... Improved general purpose. Grade SSP .. General purpose—punching grade. 

Grade EEX .... Superior electrical and moisture absorption prop- Grade SLF .... Thin wall tubing—high dielectric and compression 
erties. strength. 

Grade EEE .... Critical electrical and high voltage applications. 


: Sa Your inquiry will receive immediate attention. 
Grade XAX ... Special grade for government phenolic specifications. ee 


* Trade Marks 


HeCLEVELAND CONTAINERGP 





6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 








Vbreland Container (3.44 


Wile REPRESENTATIVES 
huown jor i oxcolenl i 4é NEW YORK AREA RT. MURRAY, 614 CENTRAL AVE, EAST ORANGE, NL J. 
° + 


NEW ENGLAND R. S. PETTIGREW & CO., 968 FARMINGTON AVE. 


dele * WEST HARTFORD, CONN. 


CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
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Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
mew process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold- 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive. 


Present mold capacity: 34 ounce, 2 x 3 x 1”. 


Your inquiries are invited. 


Dayton ROGERS 


MINNEAPOLIS 7, MINNESOTA 





TH 


ELECTRICAL 
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PRECISION SERVICE... 


from Order to Delivery! 









_ Your production problems may be simplified when 
you consult an organization with a long record of 
successfully serving electrical manufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish your 
own designs executed, send us your requirements, 
and they will receive our most careful attention. 


Extra KNOW-HOW 
for your specific design problems 


THERMOSTATIC BIMETAL 
METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


es 


318 Washington STs Vernon, N. Y. 


of a glass-reinforced plastic material will vary with 
percentage of glass by volume. Flexural strength of a 
molding can vary from 10,000 psi to 35,000 psi by 
increasing the volume of glass fibers from 5 per cent to 
35 per cent. Tensile and compressive strengths follow 
the same pattern. 

Glass-fiber reinforcements are supplied in the follow- 
ing forms: yarns, fabrics, mats, cut strands, and rovings. 
Yarns are used widely in the fabrication of special rod 
stock. Fabrics are used in aircraft parts where a high 
strength-to-weight ratio is required, and in flat elec- 
trical stock where high impact resistance is necessary. 
Reinforcing mats are used for flat sheets and in formed 
parts where the contour is not critical. Cut strands and 
rovings are used in the preform process involving mold- 
ings of somewhat complicated cross-section wherein 
the use of mat would involve an excess of “tailoring” 
and fitting. 

Any resin (phenolic, silicone or melamine) can be 
reinforced with glass fibers. Bulk of the reinforced 
plastics marketed at this time, however, is being made 
with unsaturated, polyester resins.* Resin suppliers 
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Fig. 2—Elastic elongation and energy absorption of glass 
fiber and other materials; triangular area shows energy 
absorption of each material. 


furnish a wide variety of unsaturated polyester resins, 
usually in liquid form, on which they can provide com- 
plete information as to cure rates, pigmentation, etc. 
One of the newer marketing approaches is to furnish 
the resin in powder form which is then mixed with 
monomeric styrene and catalyst at the user’s plant at 
the time of application. This technique opens new pos- 
sibilities in resin stability since the powder is not cat- 
alyzed and will not advance in cure during storage. 
Suitable preform machines have been developed. In 
one machine an automatic feed hopper allows the use of 
cut strands. A preweighed amount is fed into the hopper 
which automatically disperses the glass into the air 
stream, which, in turn, deposits it on the preform 
screen. The screen is of the same general contour as the 
part to be molded. A more recent development is the 
rotary cutter which will cut and feed roving into the 
air stream, depositing it in the same manner on the 





*See “Polyester-Glass Laminates for Motor Parts,” Roger B. White, 
January 1951, ELECTRICAL MANUFACTURING, p. 84 
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Up to 6 Levels —10-point plus home; 


yet it’s Smaller Than Your Hand! Only 
4% inches long —and about half that wide 
— Automatic Electric’s new stepping switch 
averages only 134 ounces in weight. Yet it 
gives you more than other larger switches. 

It’s speedy... atypical three-level 10-point 
switch, at 48 volts D. C., self-interrupted, 
runs approximately 80 steps a second— 
impulse controlled, at 35 steps a second. 

It’s smoother . . . brush springs are in an 
“11th” position; wipers pass over them 
exactly as over bank contacts. No double 
load in any position—no “galloping.” 

It assures long life . . . smooth operation 
means longer life; in addition, all driving 
parts are especially armored against wear. 
In rigid laboratory tests, Type 44 Stepping 
Switches averaged 20,000,000 operating 





PPING SWITCH 


cycles (200 million steps!) and then re- 
quired only minor readjustment. 

It’s adaptable ... meets your specific needs 
with a wide range of coils (for any D. C. 
voltage up to 110), bank levels, bridging 
and non-bridging wipers, interrupter 
springs and off-norma! springs. 

The Type 44 Stepping Switch has /ess 
weight—takes /ess space—and gives you 
more of everything else! Get complete 
data NOW on this revolutionary new 
switch. Call, wire, or write AUTOMATIC 
ELECTRIC SALES CORPORATION, 
1033 W. Van Buren St., Chicago 7, IIl. 
In Canada: Automatic Electric (Canada) 
Limited, Toronto. 
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Y OU, too, my PROFIT 


by looking into NEW 


PRECISION 
COIL FORM BOBBINS 


Many manufacturers are discovering new applica- 
tions for new Precision Coil Bobbins. (15-20% 
greater strength with light weight, better insula- 
tion, moisture-resistance and heat-dissipation are 
idea-suggesting features). Moreover, new Precision 
Bobbins assure coils wound to closer tolerances 
with fewer rejects, owing to a new plastic-coated 
core. This core anchors the flanges, keeps them 
positioned during winding. Spiral-wound core may 
be square, rectangular, round—any length, ID, OD 
—of dielectric kraft, fish paper, cellulose acetate, 
and combinations. F’--ges any shape; flat, re- 
cessed, embossed; or without lead holes. 
Write for catalog, samples, estimate. 


PRECISION PAPER TUBE CO. 


Also mfrs. of dielectric paper tubes 


2035 W. Charleston St., Chicago 47, Ill. 
Plant #2: 79 Chapel St., Hartford, Conn. 


preform screen. It is felt that the roving process gives 
better control and a more even feed of glass, thus pro- 
viding preforms of maximum uniformity. Use of the 
roving also makes the process more automatic. A timer 
on the rotary cutter will feed exact amounts of glass 
to the preform machine. A powdered or liquid binder 
is applied to the preform as it is being formed. Curing 
is by hot air in a tunnel type oven. 

A few modifications of known tooling techniques are 
helpful in molding glass-reinforced plastics. Fi 


g. 3 shows 





Fig. 3—Section show- 
ing recommended type 
of mold closure’ for 
molding  glass-fiber-re- 
inforced plastics. Note 
how mold actually 


shears the preform. 








the best type of mold closure for preform molding. The 
mold actually shears the preform as it closes and con- 
fines the resin under pressure. This has been found 
necessary to get sound, dense moldings. Clearance of 
the shear ring should be 0.003 to 0.005 in. to permit 
effective exclusion of air and confinement of resin in 
the mold. Molds should only travel the thickness of the 
molded materials after shearing and then come down 
to stops. It is best to build the stops away from the 

















Many of the newly developed coatings and ad- 
hesives are corrosive and foam upon agitation. In 





designing machines for coating all shapes of flat 
parts with these new coatings and adhesives, Pot- 
devin Machine Co., Brooklyn, N.Y., selected stain- 
less steel for all working parts that come in con- 
tact with the solutions. To prevent or reduce foam- 
ing, machine is designed so tank roller can be 
driven at any one of four speeds, whichever one 
best suits the solution being used. Non-clogging, 
coating control, regulates the amount of coating 
to be applied. For heated coatings machines are 
equipped with heaters controlled by a_ bimetal 
thermostat. Motors used on the machine are 4 hp, 
1725 rpm, split-phase type. When adhesives using | 
volatile solvents are to be applied, an explosion- | 
proof motor is used. 
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WASHING MACHINE TUB FET 7 
Seamless Drawn—Vitreous Enameled euand i 
7 Scents roee eer 


Height 14! e 

Diameter....22 

Tubs also made 

from Stainless 

Steel an 

Aluminum. : 
Length.. 16%" 
Width ....16% 


AUTOMOBILE OIL , 
Hot Dipped Lead a DEEP FAT FRYER POT TIME CONTROL BOX 


Seamless Drawn Stainless Steel Seamless Drawn—Spray Painted 


Height .. 
Width... 


Height.. 
Width 
Length...... 


STAMPING » DRAWING « FORMING » TINNING 
GALVANIZING » SPRAY FINISHING » WELDING ice 


VITREOUS ENAMELING * LEAD COATING Skill in Sheet Metals 
It illustrates many jobs 
produced for G.P.&F. 


Augment your production facilities with customers ... gives com- 


G. P. & F. service—If you have a metal fabrication problem plete data on our facilities. 


that’s outside your field or beyond your plant facilities, submit 
blueprints or ideas to us. We can do your work from fabricating 
and finishing to final assembly. 
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ALL PEERLESS 
MOTORS ARE 


a 


ORE than 90% of all Peerless Motors are 


custom manufactured to meet the specific 





operating requirements of the equipment with 


which they are to be used. 


So we “Peerless Register” every motor before 
shipment. The words “Peerless Registered” are 
a trademark, recorded in the U. S. Patent office. 
Only Peerless Motors can bear this phrase, and 


only Peerless Motors offer you this protection. 


This registration record is assurance to both you 
and your customer that the Peerless Motor has 
been properly designed for your equipment so 
as to give best possible performance and long, 
satisfactory service. And the registration record 
makes possible the quick identification of any 


Peerless Motor — anywhere. 


THE PEERLESS ELECTRIC CO., WARREN, OHIO 
Manufacturers of Quality Motors Since 1893 
Single Phase « Polyphase « Direct Current + % to 15 H.P. 
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shearing edge because of the preform flash which is 
present. If the molds are made of cast iron such as 
Meehanite, the shearing edge should be flame hardened, 


| Molds of this design have been known to produce 
| 50,000 parts with no appreciable wear. 


Acknowledgment 


This article is condensed from a paper delivered at the 
Annual National Conference of the Society of the Plastics 


| Industry, Swampscott, Mass., October 18-20, 1950. 


Toothed Belt Drives Without Slip 


Overcoming limitations of slip and creep in V- and 
flat-belt drives, a new type of belt drive, shown below, 
has regularly spaced teeth along the inner surface which 
engage grooves in the pulley to provide a positive drive. 


| Synchronism between driver and pulley is attained, and 


in general the belt can be driven at speeds up to 12,000 
fpm. Developed by the L. H. Gilmer Div., United 
States Rubber Co., Philadelphia, the new belt consists 





Teeth on timing belt make possible a much smaller 


drive for this fan than would be needed if standard 
V-belts were used. Slippage is eliminated, no lubrication 


is required and starting torque is reduced. 


of molded neoprene with steel wire reenforcement which 
eliminates elongation and permits operation on fixed 
centers without take-up adjustments. Flexibility of the 
belt, however, is sufficient to allow operation over -in. 
diam pulleys at speeds up to 10,000 rpm; speed ratios 
are practical up to 30:1 under certain conditions. 

The belt is more sensitive to misalignment than 
V-belts or flat belts and more engineering is required 
to properly apply the belt. While the timing belt is 
economical to use compared to chain and gears, it is 
somewhat more expensive than conventional light-duty 
belt drives. As the horsepower or size of drive increases, 
the timing belt becomes more economical. It does, not 
depend on initial tension and as a result ‘bearing pres- 
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For Industriial Wheels and Spools 
MADISON-KIPP DIE CASTS LIGHT SECTIONS 


: Designers find die casting is the su- Light sections to reduce weight are 
perior process for lightness and also extremely important. 
uniform accuracy in thousands of For military and civilian usage 
industrial applications. The wire you may often find it to your ad- 

at spools here illustrated require close vantage to contact Madison Kipp 
tolerances on dozens of dimensions. at the home address in Madison. 


‘? 


MADISON-KIPP CORPORATION 


214 WAUBESA STREET, MADISON 10, WIS., U.S.A. © Skilled tu DIE CASTING Wechanies 


Y ANCIENS ATELIERS GASQUY. 31 Rue,du Marais, Brus- 
sels, Belgium, sole agents for Belgium, Holland, France, 


0 Experienced ta WBRICATION Exgiacering 
and Switzerland. oe 
WM. COULTHARD & CO. Ltd., Carlisle, England, sole bd OTE Ie Cd Le 


agents for England, most European countries, India, Aus- , 
tralia, and New Zealand. de men) 7 MN 
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Holds! Ezxects! Mounts! 
Alden Noiseless Fuseholder 


Wherever you need a quality 

fuseholder to hold fuse tight, 

eject burned out fuse and fit 

into standard assembly tech- 

niques, it’s the Alden 440FH 

Series Noiseless Fusehoiders. 

Eyelets, rivets or spot welds 

to chassis using same tools 

as other components. Over- 

comes UL objections to fuse- 

holders that loosen when held 

by nuts or friction fasteners. Positive 
U-shaped contacts assure noiseless fused 
circuits. Safety features assure trouble- 
free performance. 


\ Arc slot in cap takes coin or screw 


\ driver for quick and easy replacement 
of fuse. 


Internal split ferrule automatically opens 
and reengages threads on knob at 3 in. 
lb. turning force—assures controlled con- 
tact pressure—no fuse breakage. 


Ejector spring facilitates fuse removal— 
prevents rattle — assures even contact 
pressure with fuse length variations. 


New! Developed on a government minia- 
turization contract, Indicator Fuseholder 
440-3FH spots fuse that has blown. . . . 
Neon indicating bulb glows showing 
burned out fuse. 


Contacts are U shaped to 
allow easy removal of fuse 
if it breaks from heat of 
blowing. 


Dudek and Bock’s FREE Designing 
Service has saved thousands of 
dollars for others. Tell us your 
problem, and our master engineers 
will produce the answer that meets 
your needs to a “T”. 


COIL SPRINGS 
WIRE FORMS 
METAL STAMPINGS 


Accurately Manufactured 
to Your Specifications! 


Write, wire or phone for 
estimates and speedy 
delivery dates! 


DUDEK and BOCK 


2100 W. Fulton St., Dept. E 
Chicago 12, Illinois 
Phone HAymarket 1-3676 


sure is low. Noise tests indicate that it is quieter than 
gears running in oil. 

Actual applications at present include: automatic 
screw machines, wire drawing machines, gasoline 
pumps, portable tools, radial saws, sewing machines, 
floor polishers, business machines, machine tools and 
centrifuges. 

While basic construction for heavy duty drives is 
steel-reenforced molded neoprene, treated cotton cord 
replaces the steel for light-duty drives. When belt is to 
be used in applications where extreme heat and oil are 
present, Buna-N is used instead of neoprene. Currently 
production is limited to specifically engineered appli- 
cations, but a standard line of stock belts in both heavy 
and light constructions will soon be offered. Ooo 


To the Editor— 


In the January issue of ELeEcTRICAL MANUFACTUR- 
ING your editorial on page 73 is as clearly written and 
logical as always—except the last paragraph. The en- 
gineering profession has been for years, and is now 
badly underpaid. A young graduate today has an in- 
vestment in himself of $15,000 to $20,000. Upon grad- 
uation, this investment entitles him to a job paying, 
say, $3500 a year. If the man is good, and sticks to it, 
he can count on about $8000 to $12,000 a year after 
having been in the profession 20 years. And then his 
income will become gradually less, and when about 55 
years of age he will have difficulty in getting any engi- 
neering job at all. 

A milk wagon driver in Chicago starts at some $3600 
a year, without investment other than his Union card. 
If he makes the grade, he will get to twice that much 
within 5 years; if he is extra good, he may make as 
much as $12,000 a year. 

Why is this disparity which can be duplicated in any 
number of types of employment? It is simply over- 
supply of engineers in normal times. The medical pro- 
fession limits the entrance of young hopefuls into the 
profession; upon graduation it requires them to be 
licensed. Both requirements serve to so adjust the sup- 
ply of physicians that graduates can count on earning 
an income in keeping with their investment in them- 
selves. 

You seem to feel that the “shortage” of engineers 
should be eliminated. I believe that the shortage should 
be made more severe by setting up standards of pro- 
ficiency as well as professional registration. Only then 
can the calling really become a “‘profession” rather than 
the “trade” it now is.—Peter L. Loewe, Chicago, Ill. 


Strain-Gage Galvanometer 


Sufficient sensitivity has been incorporated in a 
new oscilloscope galvanometer for strain-gage work, 
made by Midwestern Geophysical Laboratory, Tulsa, 
Okla., to permit use without amplification on most 
applications. In the type designed for 60 cps max. 
frequency, the galvanometer has a d-c sensitivity of 
0.005 ma per in. at a 12 in. optical arm, and a 5 ma 
safe current. oog 
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